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B PREFACE

To pursue the recommendations for further study that were pre-
scribed in the Metropolitan Anchorage Urban Study, completed by
the U.S, Corps of Engineers in 1979, the Municipality of Anchor-
age engaged CH2ZM HILL to conduct the Eagle River Water Re-
source Study. The purpose of the study is to investigate the
potential sources of water supply from the Eagle River Valley.
The original scope of the work comprised four tasks:

Task 1 Well Drilling Program

Task 2 Preliminary Damsite Investigation
Task 3 Flour Water Treatment Study
Task 4 Transmission Main Design

Task 5, Eklutna Lake Alternative Water Source Evaluation, was
added to the scope after the completion of the first four tasks.

The report for each task is bound separately as an appendix to

the Executive Summary of the entire study. This Appendix IV is
the report for Task #4, Transmission Main Design.
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BB SUMMARY AND CONCLUSIONS

The objective of Task 4 of the Eagle River Water Resource Study
was to prepare the preliminary design for the proposed water
transmission main from the Eagle River to the Municipal Water
Treatment Plant. During the preliminary design of the Task 4
transmission main, it was not known if the final source of water
would be groundwater or surface water.

The standards used in the preliminary design are in accordance
with commonly accepted standards for the design of large-diameter
pipelines located in cold.climates. These standards served as a
basis for the formulation of alternative pipeline alignments and for

the preparation of cost estimates. The accompanying table lists
the representative criteria.

DESICN CRITERIA

Design Capacity 57.8 mgda
Pipe Size 48-inch-diameter
External Loads

Depth of Cover 7 feet for most areas

Backfill Determined by "Marston
Load Theory"

Live Loads Standard H-20 wheel load
except where greater loads
are anticipated

Thrust Restraint Thrust blocks or restraining
joints

Rights-of-Way

Construction
(temporary) Approximately 100 feet

Operation and Main-
tenance (permanent) Approximately 20 to 25 feet

A total of 70 mgd would be diverted from the Eagle River,
12.2 mgd for the pipeline that will divert flows north to the
Eagle River-Chugiak-Eklutna area and 57.8 mgd to the Anchor-
age Bowl. The transmission main for the communities north of
Eagle River was not designed as a part of Task 4.
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Three separate pipeline alignments were formulated and evaluated:
Alternative 1 Glenn Highway Alignment
Alternative 2 Eklutna Powerline-Glenn Highway Alignment
Alternative 3 Alaska Railroad Alignment

Alternative 3, Alaska Railroad alignment, was eliminated during
initial screening because of high construction costs, environmental
constraints, and the potential difficulties associated with its imple-
mentation.  Following a more detailed review of Alternatives 1
and 2, Alternative 1 was selected as being the most cost-effective
and the easier to implement.

The soils along the selected Alternative 1 alignment were tested at
the depths at which pipe would be laid. These tests measured
the soils' corrosion-causing potential on the three types of pipe
material that appear most practical for the project: ductile iron,
concrete cylinder, and welded steel. The soils were found to be
relatively noncorrosive to metallic pipe materials. Cathodic pro-
tection is probably unnecessary for pipe coated with material such
as coal tar epoxy, coal tar enamel, or cement mortar or concrete.

Fifteen test pits along the selected pipeline alignment were exca-
vated with a backhoe during field tests. The soils were visually
classified, and pocket penetrometer tests were made on selected
strata in the test pit side walls. In addition to field testing, the
geotechnical study included an analysis of seismic-induced loading
and displacement effects on the pipeline, dewatering requirements,
and sloping and/or temporary shoring requirements of the excava-
ted trench wall.

During the preliminary design process, the Municipality of An-
chorage; Eklutna, Inc.; the U.S. Army; and the State of Alaska
Department of Transportation reviewed the selected pipeline align-
ment. Based on this review and additional engineering data from
the corrosion and geotechnical studies, the alignment was partially
modified.

The selected alignment, incorporating the modifications, is de-
picted in the accompanying figure. The alignment parallels Clenn
Highway for the majority of the route and will require about
41,000 linear feet of U48-inch-diameter pipe and 1,200 linear feet of
30-inch-diameter pipe to convey the water from the Eagle River to
the Municipality's existing water treatment plant.

The selected project will require one stream crossing as well as
encroachments into existing easements and rights-of-way. Agen-
cies that will require permits prior to construction are documented
in this report.
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The preliminary cost estimate for the construction of the project
is $19,959,000, including engineering, legal, and administrative
costs and allowances for contingencies. The cost estimate is
based on November 1981 dollars and is intended only as an
order-of-magnitude estimate, with an expected accuracy of +50 to

-30 percent.
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BBl Chapter 1
BB INTRODUCTION

BACKGROUND

The population and, thus, the water supply needs of the metro-
politan Anchorage area are rapidly growing. Presently, water to
Anchorage is principally supplied by surface water from Ship
Creek and by groundwater wells in the Anchorage Bowl. How-
ever, if present growth trends continue, these sources will not
meet future needs.

In 1974 the United States Congress authorized the U.S. Army
Corps of Engineers to perform the Metropolitan Anchorage Urban
%%Jg% (MAUS), which was completed in 1979. The purpose of the

was "to evaluate the adequacy of the developed water sup-
ply in the metropolitan Anchorage area, to determine future water
demands, to assess sources for water supply development, and to
formulate water supply plans to meet the increased future de-
mand" (U.S. Army Corps of Engineers, 1979). The MAUS study
area comprised the Anchorage Bowl and the area northeast- to the
town of Eklutna (Figure 1-1).

The projected future water demand increases, determined in the
MAUS, are shown in Figure 1-2. It is expected that by the year
2025 an additional 81.5 million gallons per day (mgd) of water will
be needed to meet the increased demands in the area.

The MAUS report identified many potential sources of supply:
Eagle River Valley groundwater; Anchorage Bowl groundwater;
and surface water from Campbell Creek, Ship Creek, Eagle River,
and Eklutna Lake. Two plans were recommended by MAUS for
future study. Plan IV, which ranked first environmentally and -
socially, included a combination of supply from Ship Creek, An-
chorage Bowl groundwater, and Eklutna Lake. Plan VI, which
- ranked first on an economic basis, included an increased supply
from Ship Creek, winter diversion from Eagle River, further de-~
velopment of Anchorage Bowl groundwater, and exploration for
Eagle River Valley groundwater.

To increase the existing water supply sources within the Anchor-
age Bowl, the Municipality recently constructed a 36-inch supply
main to its water treatment plant from the military diversion facil-
ity on Ship Creek. Other developments are expected to include
new wells to increase groundwater supply and the expansion of
the Municipal Water Treatment Plant facilities. However, rapidly
growing demands in Anchorage require development of a new
source outside the Anchorage Bowl within the next 10 years.
The Eagle River-Chugiak-Eklutna area, northeast of Anchorage,
needs a new source now,
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As a result of the MAUS findings, the Municipality decided to
investigate potential sources outside the Anchorage Bow! that
could supply 70 mgd of water. On the basis of the MAUS popu-
lation projection, this diversion would satisfy the demands of the
entire study area through the year 2012, The increases in water
supply capacity that are expected to be developed within the An-
chorage Bowl will delay the need for the full 70-mgd capacity of
the new water source outside the Bowl until approximately the
year 2020 or longer.

To investigate possible sources of water supply outside the An-
chorage Bowl, the Municipality engaged CH2M HILL to conduct the
Eagle River Water Resource Study. This original scope of the
study comprised four separate tasks to investigate the Eagle River
Valley as a potential source of municipal and industrial water

supply:

o} Task 1, a well drilling program to study the feasibility
of developing the Eagle River Valley as a groundwater
source

0 Task 2, a preliminary damsite investigation to determine
the feasibility of developing the Eagle River as a sur-
face water source

o Task 3 was a study to determine if glacial rock flour in
the Eagle River water could be easily removed

0 Task 4, a preliminary design of a pipeline to transport
groundwater or surface water from the Eagle River
Valley to Anchorage

Each task was conducted independently.

The results of the first four tasks clearly indicate that a substan-
tial dam. and reservoir are required to develop Eagle River as a
water source. Before committing itself to this dam and reservoir
project, the Municipality of Anchorage increased the study scope
to include Task 5, Eklutna Lake Alternative Water Source Evaluat-
ion. Task 5 analyzed the capability of Eklutna Lake to supply
the 70 mgd of water to the area. The lake is 30 miles northeast
of downtown Anchorage and 16 miles northeast of the Eagle River
(Figure 1-1),

The report of each task appears as an appendix to the Executive
Summary of the entire study. This Appendix |V is the report for
Task 4, Transmission Main Design.

PURPOSE AND SCOPE

The objective of Task 4 was to prepare the preliminary design for
the proposed water transmission main from the Eagle River to the
Municipal Water Treatment Plant.
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The total scope of work for Task 4, in accordance with the Muni-
cipality of Anchorage's contract for professional services with
CH2M HILL, is to prepare the following:

0 Predesign plans showing alternative pipeline alignments
0 Design criteria
o Soils analyses

o Corrosion analyses

o Environmental assessments
o Alternative materials evaluation
0 Preliminary technical specifications

0 Preliminary design drawings
) Cost estimate

0 Additional information that may be requested by the
Municipality

0 Conclusions and recommendations

The purpose of the preliminary design report, the preliminary
plans, and the technical specifications is to establish design cri-
teria and resolve major questions pertaining to design concepts.
This effort represents approximately 30 to 40 percent of the de-
sign effort required to prepare construction contract documents.
The remaining 60 to 70 percent of the design should be accom-
plished during the final design phase.

The scope does not include the design of a transmission main to
the communities north of the Eagle River,

Appendix I, the report for Task 2, Preliminary Damsite Investi-
gation, contains an assessment of the area's environment. This
report for Task 4 addresses all the other items in the scope of
work, concluding with a discussion of the permit acquisition pro-
cess and recommendations for final design work. The contents of
the report will provide the basis for the preparation of final con-
tract documents, which is not a part of this scope of work,

SITE DESCRIPTION

The pipeline was designed to receive water at a proposed pump
station (Appendix 11, Preliminary Damsite Investigation) approxi-
mately 1 mile upstream of the Eagle River Campground (Fig-
ure 1-1), The 8 miles between this point and the Municipal Water
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Treatment Plant is occupied by Fort Richardson (6.5 miles) and
land owned by Eklutna, Inc., (1.5 miles).

That section of the pipeline located on Fort Richardson would fol-
low existing roads and utility rights-of-way, where possible, to
minimize the impacts to the environment. Although the area is
heavily wooded with spruce and aspen and is spotted with marshy
areas, most of the alignment avoids excessive clearing and dis-
turbance to the marshes. North of Fort Richardson to the Eagle
River the pipeline alignment follows a jeep trail immediately east
of the old Eagle River dump. In order to provide sufficient work
area, some clearing of this heavily wooded area would be
required.

The selected route avoids railroad, stream, and major road cross-
ings, except it does cross Ship Creek. Special construction
methods would be used to minimize the impacts to the creek.

Typically, the selected alignment crosses deep unconsolidated de-
posits of glacial and alluvial surficial soils. In a few isolated
areas, bedrock may exist at or near the ground surface. Near
Hiland Drive, the pipeline crosses the Knik Fault Zone. The
Knik Fault Zone was probably the site of major crustal activity in
the past; it is not known to have exhibited movement recently
(within the past 10,000 years).

LIMITATIONS

This report has been prepared for the use of the Anchorage
Water and Sewer Utility for specific application to the Eagle River
Water Resource Study, Transmission Main Design, in accordance
with generally accepted engineering practices. No other war-
ranty, expressed or implied, is made. In the event of any
changes to the conditions considered under this study, the con-
clusions and recommendations contained in this report will not be
considered valid unless the changes are reviewed and the conclu-
sions or recommendations are modified or verified in writing by
CH2M HILL.

Numerous supply options are possible, each of which may affect
the alignment of sections of the proposed pipeline. The prelimi-
nary design was limited by the following assumptions:

0 The transmission main design will begin at the existing
Municipal Water Treatment Plant, near Oilwell Road

o The transmission main design will terminate at the south
side of the Eagle River, approximately 1.4 miles up-
stream of Glenn Highway

o Horizontal alignments between the water treatment plant
and the Eagle River will generally follow the highway
and existing utility rights-of-way to reduce environ-
mental impacts

1-6



@il Chapter 2
BWW DESIGN CRITERIA AND CONSIDERATIONS

The preliminary design of the water transmission pipeline was
prepared using commonly accepted standards for the design of
large-diameter pressure pipelines located in cold climates. The
purpose of this chapter is to identify those standards and to
discuss their application to specific project conditions.

Many variables were unknown during the preparation of the
design criteria, such as the source of supply, the location of the
treatment and storage facilities, the requirements for connecting
to the Municipality's distribution system, and the method of and
location of facilities for pumping. For the purpose of preparing
the design criteria, certain assumptions were made. These as-
sumptions are mentioned in the sections pertaining to specific
criteria.

HYDRAULICS

Projected Study Area Water Demands

The MAUS study concluded that the Anchorage Bowl and Eagle
River area would need 81.5 million gallons per day (mgd) more
water in the year 2025 than in 1977. Potential sources of this
additional supply have been identified as groundwater from either
the Anchorage Bowl or the Eagle River Valley and surface water
from Campbell Creek, Ship Creek, Eagle River, and Eklutna Lake.
These sources would be transported to the Anchorage Bowl and
the Eagle River-Chugiak-Eklutna area. Table 2-1 summarizes the
increased demands and shows the effect of these variables on the
demands.,

Table 2-1
PRQOJECTED STUDY AREA
WATER DEMAND INCREASE

Demand Increase Over 1977 (mgd)
Area 1990 2000 2010 2020 2025

Entire Water Study Area®  23.4 45,4  66.5  79.4  B1.5
Anchorage Bowl Only 20.9 38.6 55.2 65.3 66.9

Eagle River-Chugiak-
Eklutna 2.5 6.8 11.3 4,1 14.6

8MAUS, Volume 2, Water Supply. 1979,




Design Flows

The scope of work developed by the Municipality of Anchorage for
Task 2, Preliminary Damsite Investigation, requires a water diver-
sion from Eagle River of 70 mgd. At a meeting in October 1980,
representatives from the U.S. Army Corps of Engineers, CH2M
HILL, and the Municipality of Anchorage decided that a portion of
this flow would be diverted north to the Eagle River-Chugiak-
Eklutna area and the remainder of the flow south to the
Anchorage Bowl area. This Task 4 considers only the pipeline to
the Anchorage Bowl!.

The conservative assumption was made that no additional ground-
water would be developed in the Anchorage Bowl and that the
increased water demand would be proportioned between the
Anchorage Bowl and the Eagle River-Chugiak-Eklutna area based
on population projects. With these assumptions and the water
demand projections in Table 2-1, a diversion of 70 mgd would
satisfy the entire study area water demand through the year
2012, approximately. The Eagle River-Chugiak-Eklutna area
would represent approximately 12.2 mgd, 17.5 percent of the total
study area demand. Thus, approximately 57.8 mgd would be
diverted south to Anchorage and 12.2 mgd north. If additional
supplies are developed from either groundwater or surface
sources, a 57.8-mgd-capacity pipeline may have the capacity to
serve the Anchorage Bowl area to the year 2025.

According to the MAUS report, water would be delivered from the
Eagle River only during the winter months until 1992. It is as-
sumed that this winter flow would be treated at the existing
Municipal Water Treatment Plant. After 1992, water from the
Eagle River would be needed by the Municipality of Anchorage on
a year-round basis. Also, it is assumed that this supply, which
would include Eagle River "flour" water during the summer
months, would be treated in the Eagle River area and would then
be transported south to Anchorage and north to the Eagle River-
Chugiak-Eklutna area.

Therefore, the preliminary design capacity of the pipeline would
be 57.8 mgd from the Eagle River to the vicinity of the Municipal
Water Treatment Plant. A lower-capacity pipeline would connect
this line to the Municipal Water Treatment Plant to carry the
pre-1992 flows, After 1992, this reach of pipe may not be neces-
sary except for emergency use, and, possibly, a new reach of
pipe would lead directly to the Anchorage distribution system.
Summertime diversions from Eagle River would require extensive
treatment for sediment and flour removal before being piped to
the distribution system (Appendix [Il, Flour Water Treatment
Study).

Based on the design flow of 57.8 mgd, pipe diameters in the
range of 48 to 54 inches were considered when discussing other
design criteria,
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Design Velocities

Raw water from Eagle River, transported to the existing water
treatment plant until 1992, would contain settleable solids. To
avoid sediment buildup in the pipeline, a minimum self-cleaning
velocity of 2 feet per second is desirable, To obtain this veloc-
ity, a flow of 16 mgd in a u48~inch-diameter pipe is necessary,
and a flow of 20.5 mgd in a 54-inch-diameter pipe. For sediment
control, we recommend a 48-inch-diameter pipe. Frequent clean-
ing of the pipeline may be required until the area reaches a
16-mgd demand.

High velocities can cause excessive head loss, damaged pipe lin-
ings, and severe water hammer problems, Therefore, the maxi-
mum velocities through the pipeline should be limited to 7 to
10 feet per second.

Depending on the selected pipeline alignment, water either will be
pumped the entire distance from Eagle River to Anchorage or be
pumped part of the way, with flow by gravity the remainder of
the distance.

Commonly, design velocities ranging from 5 to 7 feet per second
are considered to be economical for force-main-type pipelines.
The economical pipeline size for pumped water must be determined
by comparing the present worth of future power cost savings to
the cost of installing a larger pipe. A larger pipe will reduce
friction losses and consume less power to pump the water.

Based on the above criteria, a U438- or 54-inch-diameter pipe
appears to be the most cost-effective for a pumped flow of
57.8 mgd. Once the final alignment and pipe material have been
selected, the analysis of pipe size or combinations of pipe size
can be refined.

Design Pressures

Design pressures will vary depending on the pipeline route se-
lected, the location of the water source, and the hydraulic char-
acteristics of the system. Unless a high dam is constructed or
the dam is located considerably farther upstream than discussed
in MAUS, the water will have to be pumped to the Municipality of
Anchorage. The selected alignment and point of delivery will
determine if the water must be pumped its entire length or
whether it may be pumped to a midpoint, with sufficient head to
flow the remaining distance by gravity.

The pipeline will be subjected primarily to static pressure, pres-
sure necessary to overcome friction losses, and surge pressures.
The static pressure is related to the differences in elevation be-
tween a point on the pipeline and the hydraulic gradeline at no-
flow conditions. The pressure necessary to overcome friction is
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the head that must be added to the water to make it flow through
the pipeline. Surge pressures are caused by rapid changes in
flow such as quick opening or closing of valves or by pump
startup or shutdown without special control devices.

Friction Loss

The Hazen-Williams formula was used for the design of the trans-
mission main:

Q = 1.318 crO-6350:54,
where
Q = flow, in c¢fs (cubic feet per second)
C= roughness coefficient
R = hydraulic radius, feet
S = energy loss per foot of pipe
A = cross-sectional area, square feet

The roughness coefficient varies with the type and size of pipe
material, the water velocity, and, particularly, the age of the
pipe. Assuming a pipeline life of 40 to 50 years and that sedi-
ment removal within the pipeline will be provided, a roughness
coefficient “C" of 120 should be used to size the pipeline. Ini~
tially, the "C" factor for the pipeline may be approximately
140 because the pipe will be clean and smooth.

Surge Analysis

Valve closure, pump shutdown, and pump startup cause transient
pressure waves (water hammer or surges) in pipe systems. |If
not properly considered in the design by including a surge al-
lowance, such operations can cause major damage to the system.

To select the required pipe strength or class for preliminary
design purposes, a surge allowance of 50 psi is assumed. This
surge allowance is selected on the basis of the assumption that
surges will be controlled to 50 psi by the installation of surge
tanks or other methods of surge control.

When the preliminary design is completed, including the pump
station, surge tanks, and regulating reservoir, a computer anal-
ysis of surge conditions will be conducted to solve hydraulic tran-
sient problems,

STAGED CONSTRUCTION

The possibility of constructing two 36-inch~diameter, 29-mgd pipe-
lines in two stages was considered. If additional groundwater is
developed in the Anchorage Bowl, a 36-inch pipeline would meet
the additional water supply needs of Anchorage until approxi-
mately the year 2000. At that time, a second pipeline could he



installed. The two pipelines would offer greater reliability and
operational flexibility than a single pipeline. In addition, the
useful life of half of the pipeline capacity could be extended by
20 years because of its later construction.

The advantages and disadvantages of staged construction were
reviewed with the staff of the Municipality of Anchorage. Staged
construction was eliminated from further study because of higher
annual and capital costs and the potential difficulty in obtaining
encroachment permits and rights-of-way for the construction of
the second pipeline.

EXTERNAL LOADS AND RESTRAINTS

Depth of Cover

The depth at which the pipeline is installed will affect the amount
of backfill load that will cover the pipeline. A deep pipeline is
subjected to more backfill load than a shallow pipeline and, as a
result, must be either stronger, installed in a higher class of
bedding, or both.

The cover provides the pipe with its prime source of protection
against freezing, unforeseen surface point loads, future con-
struction activities, and unauthorized excavations. A standard
practice in the Anchorage area is to install small-diameter water
pipes at a depth of approximately 10 feet, providing a range of
7 to 10 feet of cover, This depth generally provides adequate
protection against freezing. However, because the proposed pipe-
line will be in the range of 48 inches to 54 inches in diameter,
7 feet of cover would be adequate for normal conditions. This is
consistent with the depth of the recent 36-inch pipeline installed
near the existing water treatment plant, Special conditions, such
as creek crossings and natural gas line crossings, may require
insulation, extra cover, or both.

Backfill Loads

The Marston theory is the most commonly used method for calcu-
lating soil loads on pipelines. This theory and the formulas based
on this theory were used to calculate the backfill loads for this
pipeline. This includes formulas for calculating the loads on rigid
pipes, flexible pipes, conduits in tunnels, and positive projecting
conduits. ASCE Manuals and Reports on Engineering Practice No.
37 (WPCF Manual of Practice No. 9) is one of many sources for
nformation on the Marston theory.

In the absence of more specific data on the properties of the local
soils, it is recommended that a minimum of 125 pounds per cubic
foot be used as the unit weight of soil and that a K value of
0.110 be used in determining the cohesion coefficient (C,) of
overburden soil. Further geotechnical explorations may indicate
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that less conservative values may be used, which will result in a
more economical design. The cohesion coefficient can vary from
zero for loose dry sand to 1,000 for hard clay. A determination
of the soil type and its coefficient of cohesion must be made at
each proposed tunnel location.

Live Loads

Unless it is known that live loads will not be allowed to pass over
the pipeline, a live load allowance should be added to the backfill
load prior to determining the required pipe strength. The usual
live load that is considered in pipeline design is that imposed by
H-20 truck wheel loadings. However, the proposed pipeline may
be subjected to live loads from trains, military tanks, and other
off-highway vehicles. At locations where loads greater than the
standard H-20 truck wheel load may be imposed on the pipeline,
the greater loads must be considered in the design.

It is recommended that the H-20 truck wheel load be used to
determine pipe strength and necessary backfill at all other loca-
tions along the pipeline. It appears from discussions with the
military that H-20 loading criteria will be adequate. During final
design, the military should again be contacted to verify that
loading conditions have not changed.

The value that is usually used for the concentrated load in the
H-20 wheel loading is 16,000 pounds, which also meets local regu-
lations. An effective length, L, of 3 feet should be used for all
pipe sections longer than 3 feet.

Values for load coefficients and impact factors used to calculate
live loads on the pipeline vary depending on certain parameters.
These values are listed in various textbooks and handbooks, in-
cluding ASCE Manuals-Report on Engineering Practice No. 37.

Allowable Loads

The ability of a pipe to perform satisfactorily under the load con-
ditions to which it will be subjected depends on the pipe itself
and on conditions surrounding the pipe.

The pipe materials considered for this project are ductile iron,
concrete cylinder, and welded steel. These are flexible and semi-
flexible pipes that derive at least part of their load~carrying abil-
ity from passive soil pressure (lateral support). Passive pressure
is generated as the top of the pipe deflects downward, forcing
the sides to move outward against the backfill material.
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Two very important factors must be considered in this type of
design: the amount of deflection at the top of the pipe that is
tolerable or acceptable and the modulus of soil reaction, E', of
the backfill material that surrounds the pipe.

The amount of deflection that is acceptable depends upon the type
of pipe and the type of pipe lining. For cement mortar-lined
ductile iron and welded steel pipe, a maximum deflection of
2-1/2 percent is recommended. The recommended maximum de-
flection for concrete cylinder pipe is 0.00025 times the sguare of
the diameter,

Published values of E' vary from zero to 3,000. This factor is
dependent upon properties of the initial backfill material, degree
of compaction, trench conditions, and the native soil. Because
these factors are difficult to determine accurately through labor-
atory testing, recommended values of E' for various bedding ma-
terials and compaction requirements must be determined by field
studies or by experience and judgment. In addition, the design
specifications must be compatible with the E' values selected., A
more complete discussion of this subject can be found in an ar-
ticle by A. K. Howard titled "Modulus of Soil Reaction Values for
Buried Flexible Pipe," published in the Journal of the Geotechni-
cal Engineering Division, ASCE, Volume 103, No. G11, January
1977, pp. 33-83.” Usually, an E' value in the range of about
700 to 1,000 is selected.

Different methods for determining allowable pipe loads have been
developed for each type of pipe. The methods to be used for
this project can be found in the following design references,

Type of Pipe Design Reference

Ductile lron AWWA Standard C-150, published by
the American Water Works Association

Concrete Cylinder A  Method of Determining Permissible
Earth Cover Loads on Concrete Cylin-
der Pipe, Ameron Engineering Library
No. 1=1,  published by Ameron Pipe
Products Group

Welded Steel Welded Steel Pipe, Steel Plate Engineering
Data - Volume 3, published by American
Iron and Steel Institute

Thrust Requirements

All pipe bends, deadends, junctions, size changes, closed valves,
and other appurtenances will develop unbalanced thrust forces

caused by static and dynamic pressures.



Unbalanced thrust forces can occur in either the horizontal plane,
the vertical plane, or a combination of both,

Calculation of Thrust Forces

The horizontal thrust force on a bend caused by static pressures
can be calculated from the formula:

T=2PAsin3

2
where:
T = resultant thrust force in pounds
P = operating pressure plus surge pressure
or test pressure, whichever is greater in psi
A = pipe cross-sectional area in square inches
0 = angle of deflection at bend in degrees

The thrust force on a bend caused by dynamic pressures would
be the result of the change in pressure as water travels around
the bend, Normally, this force is small in comparison to that
caused by static pressure,

The dynamic thrust forces generated at bends, size changes,
partially closed valves, and other appurtenances can be deter-
mined by using the formulas for minor losses contained in such
references as King and Braters' Handbook of Hydraulics. The
static thrust forces can be determined through the laws of
statics.

Thrust Restraint

To protect the system, unbalanced thrust forces must be coun-
teracted through thrust restraint, which is achieved by using
either thrust blocks or restraining joints.

Thrust blocks used for forces in the horizontal plane or for
downward forces in the vertical plane are bearing blocks that
depend upon the load bearing capacity of the surrounding soil.
{Refer to Chapter 6, Geotechnical Exploration, for a discussion of
allowable soil-bearing pressures.) Thrust blocks for upward
forces in the vertical plane must be gravity-type blocks that
resist the force strictly through the weight of the block itself.

The restrained-joint method involves tying joints together back to
a point so that the unbalanced force is totally transmitted to the
surrounding soil through friction and passive soil resistance.



Various references are available for the details on the methods of
designing thrust restraint for either method. Pamphlets and data
distributed by the Cast Iron Pipe Research Association deal quite
thoroughly with this type of project.

Obstacles and severe changes in the right-of-way alignments will
require fittings and proper thrust restraint. In such cases, the
change in alignment should be made so that standard fittings can
be used.

RIGHTS-OF-WAY

Construction Requirements

A sufficient working area must be provided to allow the con-
tractor to install the pipeline in the most efficient manner pos-
sible. Enough space must be provided for the trench; storage
for the excavated spoil, bedding material, pipe, and fittings; and
room to efficiently move men and equipment during the excava-
tion, pipe placing, and backfilling processes.

Figure 2-1 illustrates that the working area required to install a
48~ to 54-inch-diameter pipe in a 12-foot-deep trench could easily
amount to 90 to 100 feet in width. In the event that the pipe is
to be installed at a greater depth, even more working area would
be required,

It is recommended that a minimum of 100 feet be made available to
the contractor for the installation of the pipeline. Special con-
siderations should be given to areas such as creek crossings,
utility crossings, bore pits, and areas where the trench depth
will be greater than 10 to 12 feet.

The working space can be obtained as a permanent right-of-way
or as a combination of permanent right-of-way and temporary
easement., ‘

Operation and Maintenance Requirements

After the pipeline is installed, access must be available for
operation and maintenance purposes. In addition, it is desirable
to have control of a strip of ground on each side of the pipeline
to prevent encroachment of other facilities that might hinder
future operation and maintenance work or that might otherwise
endanger the pipeline.

A permanent right-of-way 25 feet wide would meet the needs of a
single pipeline.
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ADDITIONAL DESIGN CONSIDERATIONS

Pipe Access

Manholes should be provided at convenient intervals to allow
access during construction and during subsequent maintenance
operations. Recommended minimum spacing is 2,500 feet. Also,
at least one access manhole should be installed between any two
adjacent isolation valves.

Isolation Valves

Isolation valves should be installed at intervals of approximately
1 mile to aid in the operation and maintenance of the pipeline.
Isolation valves will allow partial draining of the pipe for main-
tenance purposes.

Air/Vacuum Valves

Air release and vacuum release valves must be installed at all
summits, at all abrupt downward changes in grade, and at the
downstream side of all isolation valves. These wvalves must be
installed so they will operate at any time, even during the coldest
winter. Thus, they must be protected and located in a controlled
environment with ready access to large volumes of air.

Blowoff/Drain Valves

A blowoff/drain valve should be installed at all sag points and at
other locations between isolation valves so that they can effec-
tively drain the pipeline. Because sections of the main pipeline
located in flat terrain will not be under pressure during draining
operations, it may be necessary to design the blowoff assembly as
the suction header for a portable pump. Gravity~type drains
would be used in areas where the discharge or drain pipeline can
be installed on a descending grade and daylighted into an exist-
ing drainage area.

A 1-mile section of #48-inch-diameter pipe has a volume of approx-
imately 500,000 gallons. Because of the quantity of water that
these valves can handle, they must be properly sized and located.
A rough rule of thumb is to provide 2 inches of blowoff size for
every foot of pipe diameter. The valves also must be located so
that flooding or ponding problems will not be created when the
pipeline is drained.

Hydrostatic Testing

The pipeline should be hydrostatically tested at the line pressure
and at a fixed pressure for surge. Generally, this fixed pres-
sure would vary from 50 to 100 psi. Normally, a water line would
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be tested in short sections, 1,000 to 3,000 feet. Because mechan-
isms for testing a large-diameter pipeline with bulkhead can be
extremely expensive and difficult to install, it is suggested that
the pipeline be tested between the isolation valves, which are
recommended to be at intervals of 1 mile.

Providing water for testing may be a problem, depending on the
contractor's sequence of operation, An efficient construction
procedure, from a standpoint of testing, would be to start con-
struction at the existing water treatment plant and then to pro-
ceed north. Water is available with sufficient head to supply the
entire length of the proposed alignment. The highest point on
the preliminary designed pipeline is 20 feet below the surface of
the Ship Creek reservoir.
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Bl Chapter 3
HB EVALUATION OF PIPELINE MATERIALS

This chapter discusses the various pipeline materials that might
be available for this project, evaluates their applicability, and
recommends one or more that are suitable.

EVALUATION PARAMETERS

A number of parameters usually are considered in the evaluation
of various pipe materials. Although these parameters are associ-
ated primarily with conditions of service, they also include other
considerations, such as availability. In this section, these
parameters are discussed in relation to specific project
requirements.

Flow Conditions

Under peak flow conditions, the majority of the pipeline will
operate under a pressure of zero to 120 psi, not including surge
pressures. [t is assumed that a section of the pipeline normally
will act as a gravity system, except when surge occurs. There-
fore, including a controlled surge allowance of 50 psi, the design
pressures will vary from 50 to 170 psi. Flow velocities at design
conditions will be in the range of 5 to 7 feet per second.

Strength Requirements

The pipe must be able to provide reliable service under subarctic
conditions and will be installed with a minimum of 7 feet of cover.
However, depth of cover will vary and may be as great as 20 feet
at isolated locations. In addition to carrying the backfill dead
load, the pipeline must also be able to withstand the superimposed
live load from at least an H-20 truck load. The internal pressure
to which the pipeline will be subjected should not be used to
reduce the strength requirements caused by external loads.

The pipe also must be able to withstand stresses induced by
minor earth movements such as small to moderate earthquakes or
frost heaving. The seismicity of the area dictates the following
considerations:

0 Short joint spacing, 10 to 20 feet in fault zone areas

o Joint type: bell and spigot

0 Special provisions for connections to appurtenant
structures '
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Handling Characteristics

The pipe material for this project might be manufactured a long
distance from the construction site, be handled several times, and
be stored in between handlings. The pipe material must be able
to withstand this handling, shipping, and exposure to the
elements.

Installation Requirements

The pipeline will be installed in a cold climate with a relatively
short construction season. Therefore, it must be easy to as-
semble and install. Jointing procedures should not require highly
specialized equipment or skills.

Estimated Cost

The cost of pipe material in any pipeline project can be a signif-
icant factor, but it is not the only factor that should be consid-
ered for material selection. Total installation cost plus operation
and maintenance cost should be considered in evaluating alterna-
tive pipe materials.

AVAILABILITY

Several kinds of pipe materials are available for small-diameter
pipelines. However, many, such as PVC and fiberglass rein-
forced pipe, are not available in the sizes required for this
project. Other materials are very costly and do not provide any
advantage in installation, operation and maintenance, or
reliability,

After reviewing the kinds of pipe materials that are available, it
was concluded that only four types of pipe should be given fur-
ther consideration. They are ductile iron pipe, concrete cylinder
pipe, welded steel pipe, and reinforced concrete pressure pipe.

Ductile iron pipe will conform to AWWA Standard C 151, with a
cement mortar lining conforming to AWWA Standard C 104.  The
standard outside coating on ductile iron pipe is a bituminous
coating approximately 1 mil thick. Ductile iron pipe is available
in a number of thickness classes, and several types of restrained
and unrestrained joints are available. The pipe is available in
nominal lengths of 18 and 20 feet,

Concrete cylinder pipe will conform to AWWA Standard C 303.
The pipe is available in wvarious pressure classes. Joints are
usually bell and spigot, with O-ring rubber gaskets. The pipe is
available in 32-foot lengths,



Welded steel pipe will conform to AWWA Standard C 200, with a
cement mortar lining conforming to AWWA Standard C 205 and a
coal tar enamel coating conforming to AWWA Standard C 203.
Welded steel pipe has the greatest variety of joint types, in-
cluding welded joints, bell and spigot with O-ring rubber gasket
joints, and mechanically coupled joints. The pipe is usually fur-
nished in u40-foot lengths, but can be furnished in #48-foot
lengths.

Reinforced concrete pressure pipe (RCP)}, conforming to
ASTM C 361, minimum Class 125 (rated 125 feet), is an acceptable
pipe material in those areas where the design pressure is less
than 54 psi. Assuming a surge allowance of 50 psi, RCP would
be an acceptable alternative only in those areas where the static
pressure could not exceed 125 feet if the downstream isolation
valves were closed near the treatment plant. If this event should
occur, RCP would be unacceptable for approximately 65 percent of
the pipeline length. Because of the limited area where RCP can
be used and because using a low-pressure pipe limits the possi-
bility of increasing the design flow and head of the system in the
future, RCP is not considered further in this initial evaluation.
Following completion of a surge analysis of the complete system,
the use of reinforced concrete pressure pipe may merit consider-
ation in sections of the system.

COMPARISON

Ductile iron, concrete cylinder, and welded steel pipe can be de-
signed to satisfactorily meet the flow and installation conditions of
this pipeline, Concrete cylinder and welded steel pipe are manu-
factured in the Oregon-Washington area and ductile iron pipe is
manufactured in Alabama. Because the pipe for a project of this
type is not a standard item, all three types are equally available.

Chapter 5, Corrosion Study, includes a discussion of the recom-
mended linings and coatings for each type of pipe material. In
general, standard coatings and linings are acceptable for ductile
iron pipe and concrete cylinder pipe. For welded steel pipe, a
coal-tar epoxy coating and either a coal-tar epoxy or concrete
lining are recommended.

Ductile iron pipe is fairly rigid and gets most of its load-
supporting strength from the pipe itself. Pipe bedding and the
backfill around the pipe are not as critical to a successful instal-
lation as they are for the other two types of pipeline material,

Concrete cylinder pipe is considered a semirigid pipe. Part of its
load-supporting strength comes from the pipe and part comes from
the support provided by the bedding and backfill around the
pipe. Proper pipe bedding and initial backfili are critical to a
successful installation of this type of pipe.
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Welded steel pipe is a flexible pipe. Very little of its load sup-
porting strength comes from the pipe itself. Its strength is
developed by the lateral support of the soil as its horizontal
diameter increases under load and by the soil arch formed over
the pipe as its vertical diameter decreases. There are limits to
the vertical deflection, beyond which the pipe will collapse.
Proper bedding and initial backfill are even more important to a
proper flexible pipe installation than to a semirigid pipe
installation.

Table 3-1 contains prices for several different sizes and classes
of these pipe materials. The material costs in the table include
shipping charges to Anchorage. For future reference, the Sep-
tember 1980 national average ENR CCl was 3336. As can be seen
from the table, costs for welded steel pipe are considerably lower
than those for ductile iron and concrete cylinder pipe. However,
the more stringent backfill requirements that are required for
welded steel pipe will drastically reduce the difference when the
installed cost is considered.

~ Table 3-1
PIPELINE MATERIAL COST ESTIMATES?
(Dollars Per Foot)

b Concrete d
Ductile Iron Pipe Cylinder Pipe Welded Steel Pipe
Pipe Class Class Class Class Class 3716 174 5716 378
Size 50 52 100 125 150 Wall Wall Wall Wall
yan 74.50 91.52 82.00 87.00 93.00 52.49 62.38 72.23 -~
48" 92.75 115.59 120.00 123,00 130.00 --  65.7 77.13 88.38
syn 121.85 154.03 130.00 136.00 145.00 --  90.04 103.00 115,64

85eptember 1980 prices, f.o.b. Anchorage, Alaska.
bAWWA C-151, cement mortar lined, tyton joints.
CAWWA C-303, bell and spigot joints.

dAWWA C-200, cement mortar lined, coal-tar enamel coating, welded joints.

RECOMMENDATION

Ductile iron pipe, concrete cylinder pipe, and welded steel pipe
can meet the project's design requirements. Ductile iron pipe has
been used extensively in the Anchorage Water and Sewer Utilities
system and has proven itself to be a reliable pipe material for the
area. Ductile iron is, in fact, one of two types of water pipe
materials allowed in. the Municipality's standard specifications.
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The other type of water pipe material allowed in the standard
specifications is concrete cylinder pipe. Concrete cylinder pipe is
usually not competitive with ductile iron pipe in this area, par-
ticularly in the smaller sizes and the [ower classes. Therefore,
there has not been extensive use of this material in the local

area.

Welded steel pipe has had little or no recent use in local water
works; however, it does offer a potential for reduced initial
costs.

We recommend that the above three types of pipeline materials be
considered as alternatives for this project.

3-5



BN Chapter 4
BB EVALUATION OF ALTERNATIVE PIPELINE ALIGNMENTS

In determining the horizontal and vertical alignments, certain as-
sumptions were made on the basis of information presented in the
MAUS report, the Request for Proposal from the Municipality of
Anchorage, and discussions with the management staff of the
Municipality of Anchorage. The assumptions critical to the align-
ment study are:

) A total flow of 70 mgd would be diverted from the Eagle
River at a point about 1.4 miles upstream of the inter-
section of the Eagle River and the Glenn Highway.
Approximately 17.5 percent of this flow would be
diverted north to the Eagle River-Chugiak-Ekiutna area.
The remainder of the flow would be pumped south to
the Anchorage Bowl.

o The annual flow, 70 mgd, would remain constant
throughout the year,

0 The new water treatment plant would be located in the
Eagle River Valley.

o} A regulating reservoir, if required, would be designed
in conjunction with the pump station supplying the
pipeline.

0 The beginning point of the transmission main would be
the existing municipal water treatment plant, near
Oilwell Road.

Initially, three horizontal alignments were reviewed:

1. From Eagle River to Hiland Drive and parallel to and east of
the Glenn Highway to the existing water treatment plant.

2. Along the Eagle River to the Eklutna powerline right-of-way,
along this powerline right-of-way te the Glenn Highway, and
southwest along the east side of the Glenn Highway to the
existing water treatment plant.

3. Along the Eagle River to the Alaska Railroad, through Fort
Richardson, and south to the existing water treatment plant.

The basis for the formulation of Alternatives 2 and 3 was to re~
duce the energy requirements associated with Alternative 1. Al-~
ternative 1, although shorter, results in the highest pumping lift.
The three alternative alignments are shown on Figures 4-1,
4-2, and 4-3.
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To screen the alignments to the most viable, each alternative was

evaluated for capital costs and environmental and institutional

constraints, Subsequently, the two remaining alternatives were

then evaluated in more detail based on the following criteria:
0 Capital costs

0 Annual costs, including annualized capital costs and
0O&M and energy costs

0 Environmental constraints

0 Flexibility and reliability

o} Ability to implement, permits required
0 Ease of construction

o Utility conflicts and relocation

0 Other (traffic control, future service)

INITIAL EVALUATION OF ALTERNATIVES

Alignment Comparison

Alternative 1

Alternative 1, the Glenn Highway Route, generally follows the
route shown in the MAUS report for Alternative 5, Eagle River
diversion. From the Municipal Water Treatment Plant, Alterna-
tive 1 alignment proceeds north and then northeast along a route
in the Glenn Highway right-of-way to Arctic Valley Road. From
Arctic Valley Road, the pipeline follows a frontage road to the
Fort Richardson Rifle Range and parallels the eastern right-of-
way of the Glenn Highway. Leaving the Glenn Highway, the
pipeline traverses an area that is forested by birch and spruce
and is accessible from a jeep trail to a high point located
3,000 feet south of the intersection of the Clenn Highway and
Hiland Drive. The pipeline descends along the jeep trail to the
pipeline's terminus at Eagle River, approximately 1.4 miles up-
stream from the Glenn Highway. The distance between the high
point and the terminus of the pipeline is 10,000 feet.

This pipeline route measures approximately 43,000 feet (8.14
miles) in length., No Glenn Highway crossing is necessary; how-
ever, a water crossing at Ship Creek is required, as with all
alternatives.
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Alternative 2

An alternative route that reduces the static head associated with
Alternative 1 by 100 feet was formulated. Alternative 2 follows
the same route as Alternative 1 from the water treatment plant to
a point about 3,000 feet south of the Fort Richardson Special
Weapons Shop. Alternative 2 then travels north across the Glenn
Highway along the Eklutna powerline right-of-way and northeast
through a heavily forested area along Fossil Creek. The pipeline
crosses the Glenn Highway just north of the State Correctional
Institute and follows Eagle River east through heavily wooded
areas to the same point of diversion described for Alternative 1.

The Alternative 2 route is approximately 50,500 feet (9.56 miles)
long. Roughly 50 percent of this pipeline is located in timbered
land that requires clearing. This route involves two Glenn High-
way crossings and one crossing at Ship Creek.

Alternative 3

A route following Alaska Railroad rights-of-way was selected for
study to provide a route that results in a minimum static lift of
58 feet from the Eagle River (elevation 320) to the Municipal Water
Treatment Plant (elevation 378). This route is approximately
68,000 linear feet (12.88 miles) in length. Beginning at the water
treatment plant, the pipeline parallels the Glenn Highway to Arctic
Valley Road, turns northwest along Arctic Valley Road to Loop
Road, then west to the Alaska Railroad. The pipeline then turns
northeast and parallels the Alaska Railroad. It then follows along
the south side of Eagle River to the west side of Glenn Highway.
From the intersection of the Eagle River and Clenn Highway, the
Alternative 3 alignment follows the same route described for Al-
ternative 2 to the same terminus as described for Alternatives 1
and 2.

The Alternative 3 route would require a substantial amount of
clearing, pavement replacement, two Glenn Highway crossings,
and two railroad crossings. The pipeline for this alignment would
be approximately 6 inches greater in diameter than the other al-
ternatives to accommodate its length and to produce a smaller
pumping head requirement than for Alternatives 1 and 2.

Cost Comparison

Capital Cost Estimates

The capital cost estimates for each alignment are presented in
Table 4-1.



Table 4-1
ESTIMATED CAPITAL COSTS

FOR ALTERNATIVE PIPELINE ALIGNMENTS?
‘ Alt. 1 Alt. 2 Alt. 3
ltem (43,000 If) (50,500 If) (68,000 If)
Pipeline $ 9,700,000 $11,900, 000 $18,360,000
River or Creek Crossings 50,000 275,000 225,000
Clearing 70,000 170, 000 230,000
Pavement Replacement 1,000, 000 900, 000 500,000
Pump Station 5,750,000 5,000,000 4,000,000
Highway § Railroad
Crossings -0- 205,000 300,000
Pipeline Appurtengnces 970,000 1,190,000 1,840,000
40% Contingencies 7,016,000 7,855,000 10,182,000
Total $24,556,000  $27,495,000 $35,637,000

Notes: Rights-of-way purchase costs were not considered. Mobil-
ization costs and costs for a possible flow-regulating res-
ervoir are not included because they would be essentially
equal for all alternatives.

An September 1980 dollars for the Anchorage area.

Includes construction contingencies and engineering, adminis-
trative, and technical services. -

Capital Cost Estimating Curves

Capital cost estimating curves were developed for pipelines and
pump stations using bid summaries for recently bid projects in
Anchorage, past project experience, and U.S. Bureau of Recla-
mation (USBR) estimating guides.

Pipeline Cost Estimating Curve. The pipeline cost estimating
curve, Figure 4-4, includes the cost for all work necessary to
install the pipe in place. Costs for clearing and grubbing, pave-
ment replacement, highway undercrossings, and miscellaneous
items such as air valves and blowoff valves were calculated sep-
arately. Items of work included in the pipeline costs and the
assumptions that were used to prepare the costs are as follows:

0 Trench excavation will require a minimum of blasting (1
percent of trench or less) and a minimum of dewatering
for an assumed trench depth of 12 feet.

o Imported backfill, 90 percent compacted, will be used as

bedding and pipe zone material to 1 foot above the
pipe's outside diameter. The remainder will be native
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material compacted from 90 to 95 percent in roadways
and 80 percent in easements,

Pipe is assumed to be concrete cylinder pipe, welded
steel pipe, or ductile iron pipe with an average minimum
working class of 150 psi.

Miscellaneous costs included in the pipe prices are for
pioneering access roads, mobilization, pipe testing,
cleanup and grading, and landscape restoration.

Other pipeline-related costs are as follows:

o)

Pipeline crossing of the Glenn Highway will require
boring and jacking or tunneling. It was assumed that
the diameter of the casing or tunnel liner would be
12 inches greater than the carrier pipe. This cost was
estimated on the basis of the cost estimating curve
shown on Figure 4-4 and includes pits for jacking
equipment, casing, and material removal.

Pavement replacement costs were based on a structural
section of 12 inches of aggregate base and 3 inches of
asphalt. It was assumed that an average 12-foot width
of pavement would be replaced at an estimated cost of
$2 per square foot. Wherever possible, the pipeline
would be located at the edge of the roadway rather
than in the center to avoid pavement destruction and
replacement,

Clearing and grubbing costs were estimated at $2,000
per acre along existing roads and $3,000 per acre for
other areas, based on a clearing width of 90 feet.

Ten percent of the pipeline cost was added to the esti-
mated construction costs to cover miscellaneous items
such as thrust blocks, air valves, and blowoff valves.

River crossings were estimated based on each individual
site. The costs included excavation, pipe placement,
and concrete encasement of the pipe.

Pump Station Estimated Costs. Pump station costs are order-of-

magnitude costs based on the assumption that the pump station
will be designed in accordance with Hydraulic Institute standards
and that it will include the following:

0

Rotating drum screens to protect the Eagle River
fishery
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0] Trashrack
0 Vertical-type pumping units

0 Standby pumps and power

o In-line flow measuring devices
0 Housed pumping units
Conclusion

Alternative 3, the Alaska Railroad route, was eliminated from
further study because of the high construction costs, the envi-
ronmental constraints, and the potential difficulties in implement-
ing this proposed project. It would be difficult to obtain rights-
of-way for the portion of the route that traverses Fort Richardson
along Loop Road. Also, based on past experience, permits re-
quired for longitudinal access to railroad rights-of-way are ex-
tremely costly to obtain, and, therefore, it would probably be
necessary to locate the pipeline on military property adjacent to
the railroad.

DETAILED ANALYSIS OF ALTERNATIVES 1 AND 2

Aerial photographs were made on August 4, 1980, of Alterna-
tive 1 and 2 routes for the purpose of preparing 1"=400'
photoplans.

These preliminary general plans, shown in Exhibit A, depict the
proposed routes, rights-of-way, property boundaries, ownerships,
and existing utilities. The station designations in this chapter
refer to the stations in the photoplans. It should be emphasized
that the routes shown are general corridors and do not represent
final alignments.

Horizontal Alignments

Interferences

Alternative 1. The centerline of the transmission main would pass
along the uphill edge of a sanitary landfill between Stations 472+00
and 480+00. This area may have deposits of toxic materials that
could be hazardous to the construction crew, the public, and the
operation and maintenance staff of the pipeline, The underground
conditions will be investigated during the geotechnical and corro-
sion studies, and the alignment will be adjusted to avoid potential
problems.

At Stations 402+00 and 397+00, the pipeline would pass within
50 feet and 30 feet, respectively, of the State of Alaska, Depart-
ment of Transportation Weigh Station and a structure known as
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the Fort Richardson Rifle Range. Construction activities should
not result in any damage, provided that the contractor is re-
stricted to the working easement,

Alternative 2. The centerline of the transmission main would pass
through™ the Chugach State Park and near the State Correctional
Institution. Although we anticipate no damage to any existing
structures during construction, the contractor's working hours -
may be restricted by the permitting agencies because of con-
struction noise.

Utilities

Conflict with existing gas, water, sewer, and electrical utilities
would not be significant with either alternative. The Alterna-
tive 1 alignment would cross several existing utilities in the vicin-
ity of the Fort Richardson Special Weapons Shop, Station 370+00,
which are largely avoided by the Alternative 2 alignment. In
general, the Alternative 2 alignment would result in less utility
conflict than the Alternative 1 alignment. Utilities are addressed
in more detail in Chapter 10, Recommendations for Final Design
Work.

Soils

Based on existing geologic maps and a field review of the alter-
native routes, the soils encountered in the Alternative 1 route
would present fewer construction problems than those associated
with the Alternative 2 route. Problems with groundwater will be
greater with ‘the Alternative 2 route, particularly along Eagle
“River and Fossil Creek, than with the Alternative 1 route.

Easements and Permits

Both alternatives would require permits from the same number of
agencies. However, because Alternative 2 is longer and follows
an alignment through a more environmentally sensitive area, per-
mits would be more difficult to obtain. These sensitive areas are
the section of the route near the Chugach State Park campground
immediately adjacent to Eagle River and the section adjacent to
the Eklutna powerline. A list of the agencies that potentially will
require permits is included in Chapter 9, Permit Acqguisition
Process.

One crossing of Ship Creek is required for both the Alternative 1
and 2 alignments. Stream crossings of Eagle River may be re-
quired if Alternative 2 is constructed, depending on the final
alignment near the dam,

Public Interface

Problems caused during construction by noise, dust, traffic con-
trol, and interruption of public and governmental access would be
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minimal for each route. Public inconvenience, particularly caused
by noise and access difficulties, may be a problem for Alterna-
tive 2 construction in the vicinities of the Chugach State Park
campground and the State Correctional Institute, Stations 500+00
to 532+00.

Traffic control along the Glenn Highway frontage road would be
required during construction of both Alternatives 1 and 2. Along
this frontage road, which is paralleled by an electrical transmis-
sion main, alternating one-way traffic in one lane, with traffic
control, probably would be necessary during daytime construc-
tion, Normal two-way traffic flow would be restored after work-
ing hours.

Each alternative would require close coordination with Fort Rich-
ardson, the State of Alaska, and Eklutna, Inc., to minimize dis--
ruption of their services, Although neither route will cause major
disruptions to the public, Alternative 1 appears to provide the
least public inconvenience,

Operation, Maintenance, and Accessibility

To permit either routine maintenance or special maintenance, the
pipeline must be accessible. Of the two alternative alignments,
Alternative 1 would offer better accessibility. It follows Glenn
Highway and frontage roads. The northern terminus of the pipe-
line is relatively accessible from Hiland Drive and a jeep trail.
Construction of a maintenance road along the jeep trail route,
Station 462+00 to 530400, should be considered during final
design.

Vertical Alignments

To compare the annual costs of each alternative route it was
necessary to develop a vertical profile of each route. The ver-
tical profile and the design criteria generated in Chapter 2 were
used to size future pumping facilities and to determine energy
costs.

Alternative 1

As shown on Figure 4-5, a pump station located at the Eagle
River would require a static lift of approximately 240 feet. This
is based on a peak flow of 57.8 mgd and a total dynamic head
(TDH), less surge, of 273 feet, Based on this TDH, the ex-
pected power requirement of the pump station is approximately
4,300 horsepower, '

The required pipeline diameter is estimated to be 48 inches, based
on maximum allowable velocities of 5 to 7 feet per second and a
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flow of 57.8 mgd. For preliminary estimating purposes, the pipe~
line is assumed to require, on the average, Class 150 pipe, Fol-
lowing a surge analysis in the final design, the class of pipe will
be determined on a station-to-station basis. Depending on the
head conditions in the various reaches, the pipeline will probably
vary from Class 100 to Class 200,

Alternative 2

The profile of Alternative 2 is shown on Figure #-6. This align-
ment has a static head of approximately 140 feet and a TDH of
223 feet, assuming a peak flow rate of 57.8 mgd and neglecting
surge. Based on the TDH of 223 feet, the pump station requires
3,500 horsepower. Thus, the Alternative 2 alignment, although
greater in length than Alternative 1, has a TDH that is 50 feet
less and requires 800 fewer horsepower to operate at peak flow.

The pipeline varies in size from 54 inches from Station 100+00 to
378+00 to 48 inches from Station 378+00 to 605+00. Accounting for
surge in the same manner as for Alternative 1, the average class
of the pipe is assumed to be Class 150.

Comparison of Annual Costs

An annualized cost comparison of the two alternatives was made
on the basis of the capital costs shown in Table 4-1 and the fol-
lowing assumptions:

o Economic life of 40 years
o Interest rate of 7 percent
o - Mechanical and electrical components of the pump station

initially sized for year 2005 flows, with replacement or
addition to these components in year 2005 to accommo-
date year 2025 flows

0 20-year life for machinery; costs include one
replacement

o Present power costs
The electrical costs are based on the average daily water flows
projected in the MAUS report. The present power rates fur-
nished by the Matanuska Electric Association are:
Demand ‘Charge (September 1980)

0-50 kW per month $0.00
Over 50 kW per month $4.19/kW
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Energy Charges

0-500 kWh 14.2¢/kWh
500-2,000 kWh 5.2¢/kWh
2,000-10,000 kWh 3.9¢/kWh
10,000-200,000 kWh 2.9¢/kWh
Over 200,000 kWh 2.3¢/kWh

Maintenance costs were calculated at .25 percent of the associated
construction costs. This percentage cost represents the average
cost of maintenance over a long period. The annual costs for
each alternative were calculated to be approximately $2,400,000
per year.*

RECOMMENDATION

The information presented in this chapter was reviewed with the
Municipality of Anchorage on October 1, 198¢. At that time, the
Alternative 1 alignment was selected as the recommended alignment
because it had fewer environmental constraints and appeared to
be easiest to implement from a standpoint of obtaining permits and
rights-of-way.

The selection of the Alternative 1 alignment represented a recom-
mended alignment corridor and not a specific route selection.
Subsequent to further studies by CH2M HILL along the selected
alignment and to review of the alignment by various agencies, a
more specific alignment was formulated. A discussion of these
studies and of the specific alignment is in the following chapters.

*Chapter 6 of Appendix V, Eklutna Lake Alternative Water Source
Evaluation, has a more detailed discussion of project energy re-
quirements and costs, including an annual cost summary for the
Eagle River dam and reservoir project. Future increases in
power supply may be supplied from coal-fired thermal plants with
generation costs of about 8.66 cents per kWh (1981 prices]).
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BB Chapter 5
BB CORROSION STUDY

This chapter presents the procedures for and the results of field
tests for the corrosion study along the selected (Alternative 1)
pipeline alignment from Eagle River to the Municipal Water Treat-
ment Plant. Certain areas along the approximately 8.2-mile-long
pipeline route were surveyed to determine the corrosivity of the
soil toward the pipe material alternatives. In addition, existing
water quality data were reviewed to estimate the corrosivity of
Eagle River water.

Recommendations based on this study are included at the end of
this chapter. However, this was a preliminary corrosion study;
further investigation should be undertaken during the final design.

FIELD TEST PROCEDURES AND RESULTS

The field portion of this study consisted of several tasks:

0 Measurement of the soil resistivity along the selected
alignment
0 Inspection, sampling, and chemical analysis of the soils

at test pits along the route

0 Measurement of stray electrical current in the earth at
selected locations

Soil Resistivity

The process of corrosion is electrochemical in nature because it
includes a transfer of electrical energy and one or more chemical
changes. On buried metal structures, electrochemical cells can be
formed in which metallic ions leave the structure and flow into the
soil, This chemical change of the metal results in the formation
of iron oxide (i.e., the familiar red rust}.

A soil's ability to conduct electricity is one of the most important
factors controlling the rate of corrosion. The lower the soil
resistivity, the better the electricity is conducted and the faster
metal corrodes; the higher the resistivity, the slower it corrodes.

The relationship of the corrosivity of a soil to its resistivity is as
follows:

lL.ess than 30 chmmeters Very corrosive
Thirty ohmmeters to 100 ohmmeters Moderately corrosive
Over 100 ohmmeters Mildly corrosive



During this survey, the electrical resistivity of the soil along the
pipeline route was measured by the Wenner Four-Pin Method at
selected depths of 2.5, 5, 7.5, 10, and 15 feet. The average soil
resistivity from the ground surface to each selected depth was
calculated, along with the resistivity of the soil layers between
test depths. These data are listed on Table 5-1. The lowest soil
resistivity measured (147 ohmmeters) was the 5.0- to 7.5-foot-
depth layer at Station 490+00. All other measurements were
higher, indicating that the soil is only mildly corrosive.

Table 5-1
SOIL RESISTIVITY
Average Resistivity (ohmmeter) Layer Resistivity (ohmmeter)
From Grade to Depth at Depth

2.5~5.0 5.0-7.5 7.5-10 10-15
Station 2.5 ft 5.0 ft 7.5 ft 10 ft 15 ft ft ft ft ft
102+00 2,885 4,060 3,840 3,480 2,628 6,850 3,464 2,716 1,705
113+00 875 942 1,044 1,206 1,242 1,020 1,197 2,792 1,3
139+00 535 749 877 1,066 1,215 1,248 1,336 2,998 1,686
150+00 565 764 999 1,084 1,254 1,179 2,596 1,455 1,827
164+00 © 5,050 1,620 1,605 1,218 1,071 965 1,576 707 863
170+00 1,575 2,220 2,340 1,992 1,527 3,760 2,624 1,377 1,041
118+00° 2,725 2,390 1,935 1,480 1,548 2,128 1,401 868 -
1‘62+00a 1,005 1,460 1,770 1,730 1,971 2,668 3,076 1,620 2,732
153+00 238 o4 552 580 699 1,320 2,065 684 1,185
180+00 263 376 547 686 888 656 6,238 2,845 2,160
202+00 885 814 613 622 438 753 411 649 275
215+00 1,030 843 - 876 870 713 912 912 - 854
230+00 670 657 693 580 585 644 778 389 298
250+00 2,130 1,350 1,905 1,242 2,814 988 1,072 608 -
265+00 1,150 1,800 2,460 2,580 2,391 4,140 9,225 3,022 2,085
281+00 640 822 - 1,112 2,667 1,149 1,718 1,718 -=
295+00 w27 698 879 1,008 1,257 1,910 1,826 1,801 2,848y
310+00 6,450 1,000 6,750 6, 840 6,030 22,281 - 4,091 7,125 4,875
327+00 1,030 1,240 1,285 1,470 1,5u8 1,557 1,387 2,582 1,732
347+00 5,800 5,420 5,760 4,600 5,340 5,087 6,586 2,867 7,873
356+00 10,250 10,700 8,445 7,060 @ . 5,640 11,19 5,941 4,732 4,022
372+00 5,360 8,210 7,395 7,580 6,600 17,532 6,170 8,195 5,244
384+00 10,010 9,840 8,430 6,180 6,300 9,676 6,522 3,432 6,554
402400 8,800 8,430 7.530 8,000 5,940 8,090 6,205 9,843 3,91
425400 5,650 7,610 7,485 7,740 7,200 11,652 7,247 8,621 6,318
435+00 1,435 1,480 1,545 1,820 2,367 1,528 1,694 3,905 5,934
455+00 17,950 19,900 13,470 11,980 24,720 22,325 8,182 8,995 -—
465+00 920 703 967 880 1,428 569 3,909 692 -
475+00 4,995 4,320 2,910 2,780 1,860 3,806 1,761 2,451 1,119
478+00 2,135 1,580 1,161 784 816 1,254 759 397 888
490+00 1,560 433 261 356 558 251 147 326 326
496+00 8,500 11,500 7.710 7,240 9,120 1,777 4,647 6,121 1,897
510+00 670 561 553 488 1,368 482 539 360 -
520+00 337 320 472 436 558 327 3,076 354 1,267
529+00 8,200 8,430 7,560 7,100 6,090 8,673 6,266 6,004 4,741

®Alternative route parallel to Glenn Highway.
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Chemical Analysis of Soil

Water-soluble chemicals that release chloride and sulfate ions are
especially detrimental to steel and concrete, respectively. The
pH value of a soil indicates whether it is acidic (pH less than 7)
or alkaline (pH greater than 7). Soils that are highly acidic can
be detrimental to metallic and concrete pipe.

Soil samples were taken at 10 locations. The results of the soil
analyses are shown in Table 5-2. The quantitative analyses indi-
cate that the pH of the soil ranges from slightly alkaline to
slightly acidic, and the amounts of soluble chloride and sulfate
are very small. On the basis of these tests, little corrosion of
proposed pipe materials is expected from the chemical compaosition
of the soil.

Table 5-2
CHEMICAL ANALYSIS OF SOIL SAMPLES
Station pHa Chlor‘ideb Sulfateb
113+00c 6.03 3 5
118400 6.46 3 4
164+00 7.84 3 3
170+00 7.4 3 5
425+00 6.57 3 3
490400 6.82 3 3
496+00 6.88 3 )
510+00 6.90 3 7
520+00 7.06 3 29
529+00 7.10 15 3

a100—gr‘am soil sample mixed with 300 milliliters of distilied water.
BMilligrams per kilogram of dry soil.

CAlternative route parallel to Clenn Highway.

Stray Electrical Current

Stray electrical current can accelerate pipeline corrosion. Stray
current measurements were made at selected locations by placing
two copper/copper sulfate (Cu/CuSO,) electrodes 50 feet apart
and in contact with the earth. Earth current between the elec-
trodes causes a potential or voltage difference directly propor-
tional to the magnitude of the current between them. The polar-
ity and magnitude of the potential between the electrodes were
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measured with a high impedance voltmeter. These "earth poten-
tial measurements" are listed in Table 5-3. The measurements are
very low values, indicating negligible amounts of stray current,
There will be no effect on metal pipe materials under present and
anticipated future conditions,

Table 5-3
EARTH POTENTIAL MEASUREMENTS
S'catio'na Direction Potential (millivolts)
118+00 North-South 0.1 {south electrode +)
East-West 0.0
170+00 North-South 0.1 (north electrode +)
East-West 0.0
360400 North-South 0.0
East-West 0.1 (west electrode +)

3station references are taken from Exhibit A, Preliminary
General Plans (Alternative 1).

REVIEW OF WATER QUALITY DATA

Water quality data from CH2M HILL studies and from the MAUS
report were reviewed to estimate the corrosivity of Eagle River
water toward metallic pipe materials. The MAUS report stated
that water from Eagle River "should be fairly stable (neither
aggressive nor corrosive)." Our analysis of the data indicates
that the alkalinity and hardness of the water vary significantly on
a seasonal basis and that the water could be somewhat corrosive
during times of low alkalinity and hardness. The water may also
tend to leach cement and cement mortar under these conditions.
When the water has higher alkalinity and hardness, our analysis
indicates that it is stable.

SUMMARY AND RECOMMENDATIONS

Ductile Iron and Steel Pipe

The soil at the depth at which the pipe will be laid is of high
electrical resistivity and is composed mainly of sands and gravels.
Therefore, it is noncorrosive to ductile iron and mildly corrosive
to steel.

Because of the relatively noncorrosive nature of the soil to ductile
iron, cathodic protection of a ductile iron pipeline is unnecessary.
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Also, no supplemental external coating or polyethylene encasement
of the ductile iron pipe should be required, except possibly in
the area of the old Eagle River dump.

All metallic pipe materials should be lined to minimize the potential
for internal corrosion. Linings that provide acceptable corrosion
resistance are coal-tar enamel and coal-tar epoxy. Cement mortar
or concrete linings may undergo some seasonal leaching when the
water is soft but should provide adequate protection for pipe
metal,

Although all the soils along the route are of high resistivity, the
various soil groups tested differ in resistivity by one or two
orders of magnitude. This difference could cause corrosion on a
continuous pipeline installed through several soil horizons or
boundaries. For this reason, the joints of the ductile iron pipe-
line should be rubber-gasketed rather than bonded to stop the
flow of corrosion currents caused by differences in soil resistivity
in large areas along the pipeline.

Welded steel pipe and fittings require an external coating of
coal-tar enamel (AWWA C203) or coal-tar epoxy (AWWA C210) to
reduce the amount of corrosion caused by the variation in soil
resistivity. The pipeline should also be equipped with test wires
for future corrosion monitoring. Steel pipe with unbonded me-
chanical joints is not recommended because electrical continuity of
the pipeline would be required if cathodic protection is ever
needed.

Electrical measurements indicate that no significant stray direct
current is present in the earth at the locations tested., The
present operation of Alaska Gas and Service. Company's cathodic
protection systems for its gas lines is, therefore, not expected to
cause corrosion in the proposed pipeline. However, measures
should be included in the design to mitigate interference on the
pipeline by the operation of possible, future, rectifier-operated
cathodic protection systems constructed closer to the pipeline.

Concrete Cylinder Pipe

Chemical tests of soil samples from the pipe route indicate mild
corrosivity toward concrete cylinder pipe. The tests indicate that
the soil is mildly acidic and would react with some of the alkaline
hydrated cement in concrete. However, the acidity of the soil is
sufficiently low that no significant deterioration of concrete cyl-
inder pipe is expected.
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Bl Chapter 6
Bl GEOTECHNICAL EXPLORATION

A geotechnical exploration was performed to aid in the preliminary
design and construction of the selected Alternative 1 alignment of
the Eagle River Pipeline. '

The scope of work included:

) Collection and synthesis of available information on
subsurface conditions along and near the selected
alignment

o} Subsurface exploration using backhoe-excavated test
pits

o} Geotechnical engineering analysis

The geotechnical exploration was conducted with the understanding
that additional geotechnical work will be performed for final
design. Recommendations for additional work appear in Chap-
ter 10. Should differing subsurface conditions be encountered
during subsequent geotechnical work or during construction,
CH2ZM HILL should be notified, so it can be determined whether
the recommendations of this report need to be reevaluated.

INFORMATION COLLECTION AND SYNTHESIS

Some of the subsurface information used in the geotechnical
exploration was originally prepared for other purposes and without
the specific knowledge of this project (generalized geologic maps,
planning reports, state highway reports). This information
therefore has limited application and must be complemented during
final design by additional exploration (borings, test pits, labora-
tory tests).

Regional Geology

The selected alignment lies in the Cook Inlet-Susitna Lowland
section of the Pacific Troughs Physiographic Province (Roberts,
1976). This section was part of a deep oceanic trench that was
filled with sediments during Mesozoic and early Tertiary times (30
to 225 million years ago) and then folded and faulted downward.
Subsequently, the area was partially filled with Tertiary and
Quaternary (less than 65 million years old) sediments (Hunt,
1974) and is now a structural trough between uplifts of the
Alaska Range to the north and the Chugach Mountains immediately
to the southeast.
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Local Geology

Interpretation of the local geology is based on generalized geologic
maps (Schmoll, et al., 1980; Schmoll and Dobrovolny, 1972;
Magoon, et al., 1976) except as cited by specific reference. Five
distinct periods of glaciation have been identified in the area.

Typically, the selected alignment crosses glacial and alluvial
surficial soil. The unconsolidated surficial deposits wvary in
thickness along the alignment. Variations in thickness occur, at
times, over short distances.

In general, bedrock outcrops of the Chugach Mountains are within
2 miles of the route. The existing geologic information indicates
bedrock may exist at or near the ground surface in two isolated
locations. Most of the selected alignment, however, crosses deep
unconsolidated deposits.

Bedrock underlying the surficial deposits consists of two distinct
"groups separated by the Knik Fault Zone (see Figure 6-1). The
Knik Fault Zone trends northeast and crosses the selected align-
ment at approximately Station 425+00. (For locations of stations
mentioned in this chapter, refer to the Alternative 1 alignment
stationing shown in Exhibit A, Preliminary General Plans.) From
the water treatment plant to approximately Station 425+00, the
pipeline is on the southwest side of the Knik Fault, and bedrock
consists of soft sedimentary rocks of the Kenai Group of late
Tertiary age (2 to 38 million years old). Rocks of the Kenai
Group are exposed near the town of Eagle River. Soil depth to
bedrock of the Kenai Group along the selected alignment was not
determined during the geotechnical exploration; however, general-
ized geologic mapping indicates depth to bedrock may be over
100 feet (Zenone, et al., 1974),

From approximately Station 425+00 to Eagle River (northeast side
of the Knik Fault), bedrock consists of rocks of the McHugh
complex. The McHugh complex contains weakly metamorphosed
sedimentary and related igneous rocks of Jurassic and Cretaceous
age (85 to 185 million years old). Large outcrops of the McHugh
complex are typically 1 to 1.5 miles from the selected alignment.
Generalized mapping (Schmoll, et al,, 1980) shows an outcrop for
the McHugh Formation at approximately Station 520+00. The
outcrop, however, couid not be located during the field explora-
tion, Approximately 0.1 mile south of Station 500+00, an outcrop
of gabbro was tentatively mapped (Schmoll, et al., 1980). This
outcrop also could not be located during the field exploration.
Approximately 0.1 mile north of Station 500400, the USGS has
conducted deep resistivity measurements that indicate bedrock is
over 300 feet deep (the USGS report is preliminary, and the
reference cannot be cited). Well exploration drilling by CH2M
HILL indicates bedrock in the upper reaches of Eagle River Valley
is at least 700 feet deep (see Appendix |, Well Drilling Program).
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Historic Seismicity

Anchorage and its vicinity are in an area of historically high
seismicity. Most earthquakes occur at considerable depth (30 to
50 kilometers) and do not produce surface rupture. Records of
historic earthquakes have been compiled by the National Oceanic
and Atmospheric Administration (NOAA 1975; NOAA, 1976a and
1976b) and are available for search on CH2M HILL's DECsystem-10
computer. Two searches were performed for this report:

o 100-kilometer search radius for earthquakes with magni-
tude 3 or greater

0 300-kilometer search radius for earthquakes with magni-
tude 6 or greater

The searches were performed for a radius from a given point.
The point selected was the approximate midpoint stationing of the
selected alignment,

The search records are shown in Exhibit B. A summary of the
records is shown in Table 6-1. Table 6-1 clearly depicts the
high seismicity of the area and indicates the need for a detailed
analysis to select the design earthquake(s].

The historic earthquake producing the most damage along the
selected alignment was the Prince William Sound earthquake of
March 27, 1964 (largest earthquake shown in Table 6-1). This
earthquake and its resulting damage in the vicinity of the selected
alignment are well documented. The Prince William Sound earth-
quake should be considered the minimum. design level earthquake
for the pipeline. Additional studies during final design may
indicate a larger design earthquake is warranted.

Known Faults

Known faults in the vicinity of the selected alignment are shown
on Figure 6-1.

The closest known active fault is the Castle Mountain Fault
(Brogan et al., 1975), approximately 25 miles (40 kilometers)
north of the pipeline at its closest point.

The pipeline route crosses the Knik Fault Zone at approximately
Station 425+00. (The fault zone location is inferred at this loca-
tion.) The Knik Fault Zone is believed to consist of steeply
dipping to vertical parallel faults.

The Eagle River Thrust Fault passes approximately 1.5 miles
(2.4 kilometers) east of the proposed pump station location, its
closest point to the pipeline, The upper plate of the fault is to
the northwest and the lower plate to the southeast.
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Table 6-1
HISTORIC SEISMICITY

Closest
] Search Number a Calculated Number™ Recorded
RlCh}er Radius of Years of Occurrences Epicenter
Magnitude (kilometers) Occurrences Recorded Per 100 years {kilometers)
3-3.99 100 145 1964-1979 910 20%
4-4.99 100 70 1963-1979 410 254
5-5.99 100 14 1963-1979 82 15¢
6-6.49 100 7 +1930-1979 14 30+
300 3 +1930-1979 62 F100
6.5-6.99 100 1 +1910-1979 1.4 95+
300 11 +1910-1979 16 F100
7-7.49 100 3 +1910-1979 4,3 60+
300 8 +1910-1979 11 F100
7.5-7.99 300 0 *1910-1979
8.0-8.24 300 1 +1910-1979 1.4 1052

First year of record taken as that year appropriate for return period analysis.

Calculated number of occurrences per 100 years = number of occurrences divided
by number of years of record times 100 (see "a" above).

The Knik Fault Zone and the Eagle River Thrust Fault were
probably the sites of major crustal activity in the past but are
not known to have exhibited recent movement (within the past
10,000 years). There is a small possibility that renewed activity
may occur along the Knik Fault Zone (Zenone et al., 1974).
While references indicate the Knik Fault Zone should be considered
inactive, the significance of renewed activity on pipeline perfor-
mance warrants further exploration during final design.

The pipeline may cross or pass close to other unidentified faults
that are concealed by the thick glacial and alluvial deposits.
Additional information concerning the seismicity of the area can
be found in Appendix llI, Preliminary Damsite Investigation,

Glenn Highway

Subsurface explorations were performed by the Alaska Department
of Highways for upgrading Glenn Highway immediately adjacent to
the selected alignment approximately between Stations 120+00 and
420400, These explorations were performed from 1967 through
1972 and are summarized in reports dated 1970 and 1974 (see
references).
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The Department performed 115 test borings using truck-mounted,
continuous-flight auger rigs. The borings, which typically were
terminated before a 10-foot depth, were situated between the
vicinity of the Municipal Water Treatment Plant and Station 420+00.
Some of the findings were:

0 Variable soils above the 5-foot depth, ranging from peat
to sandy gravel with cobbles and boulders

0 Mixtures of sand and gravel with varying amounts of
cobbles and boulders (NSF or F-1 frost susceptibility
classification) were typical of soils below 5 feet

0 No groundwater in some borings; near the ground
surface in others

0 One glacial erratic, 20+ feet in maximum dimension was
found (the summary reports mention the possibility of
other glacia!l erratics)

o Approximately one-third of the borings indicated refusal
at maximum depth

SUBSURFACE EXPLORATION

Test Pit Procedures

The subsurface exploration performed for this report consisted of
15 test pits, excavated and backfilled October 22 and 23, 1980.
A rubber-tired Case 580B backhoe equipped with a 2-foot-wide
bucket was used for the work. Test pits were located in relation
to noticeable topographic features; the approximate locations are
shown in Exhibit A.

It is important to note that the subsurface exploration typically
did not penetrate to the depth required to lay the pipe (approxi-
mately 12 feet). Important observations of subsurface conditions
(especially groundwater}) at invert depth and pipeline foundation
conditions were not directly made.

Soils encountered in the test pits were visually classified by a
geotechnical engineer from CH2M HILL in approximate accordance
with American Society for Testing and Materials (ASTM) Standard
D 2488, "Description of Soils (Visual-Manual Procedure)." Soil
classification using this standard helps establish a uniformity in
nomenclature, but does not ensure an exact classification. Judg-
ment is still the primary factor, especially in field classification.

In addition, the natural variability in soil deposits creates a

complex picture of the subsurface if precise descriptions are
employed for each stratum encountered. Soil descriptions for this
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exploration have, therefore, been simplified for purposes of
interpretation.

Pocket penetrometer tests were performed on selected strata in
the test pit side walls, No sampling or laboratory tests were
performed. Test pit logs and pocket penetrometer results are
shown in Exhibit C.

Summary of Test Pit Observations

The soils encountered in the test pits primarily consist of zero to
2,5 feet of organic surficial soil underlain by predominantly
granular soils. The organic material usually is peat or roots,
grasses, and leaves in various stages of decomposition. The
granular soils typically are silty sand, sand, and mixtures of
sand and gravel containing varying amounts of cobbles and boul-
ders. The granular soils vary from loose to dense in consistency
and typically are medium-loose to medium-dense.

Some fine-grained strata (sandy silt and clayey sandy silt) were
encountered within 3 feet of the ground surface. Test Pit No. 9
was excavated in a landfill, and partially decomposed refuse was
encountered.

The major difficulty in excavating the test pits was the removal of
boulders and large cobbles. In two test pits, the backhoe could
not excavate them. The largest boulder observed in the test pits
was approximately 3 feet in maximum dimension. Occasional
boulders also were observed on the ground surface adjacent to
the pipeline route; the largest was approximately 5 feet in maxi-
mum dimension. Bedrock was not encountered in any of the test
pits.

Groundwater was encountered in 4 of the 15 test pits at depths of
approximately 3 to 9 feet. Where encountered, the inflow into the
test pit was very rapid, decreasing the stability of the sidewalls
and preventing excavation more than about 1.5 feet below the
groundwater table. Soils above the groundwater table were
generally moist to slightly wet.

Frost-susceptible materials were encountered at various locations.
These materials typically consist of mixtures of silt and sand with
various amounts of clay and gravel. Where groundwater is also
present, these soils may present frost problems.

Nonfrost-susceptible material was encountered at many locations
along the selected alignment, consisting typically of clean mix-
tures of sand and gravel. This material is prevalent along most
of the alignment from the Municipal Water Treatment Plant to
Hiland Drive, but from Hiland Drive to the proposed pump station
limited amounts were encountered,
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Sloughing of the test pit sidewalls was observed in all but four
test pits and consisted generally of material gradually falling from
the sidewalls as the test pit was excavated. No massive blocks of
material sloughed into the test pits.

RECOMMENDED DESICN CONSIDERATIONS

The following design considerations are based on limited informa-
tion. Changes and additional refinement should be anticipated
during final design.

Alignment

The pipeline alignment should bypass marsh and landfill deposits.
The selected alignment does this.

Crossings of active faults should be made at an alignment that
will elongate the pipeline based on expected fault displacement.
Thrust blocks and other pipeline "anchors" should be remote from
the location of potential rupture. Potential areas of earthquake-
induced liquefaction and slope instability were not explored and
may affect the pipeline alignment.

Dewatering

Positive measures should be implemented along portions of the
alignment to control groundwater during excavation, pipe laying,
and backfilling. These measures should primarily consist of well
points because of the large amounts of groundwater anticipated.
Pumping from sumps located outside the pipeline area may be an
appropriate measure if the stability of the pipe foundation or
excavation is not endangered by this method. Soils containing
appreciable amounts of silt and sand or those loose in consistency
should not be dewatered by sump pumping.

Design of the dewatering system should account for potential
settlement of adjacent areas and removal of fines by piping.

Excavation

Conventional equipment, such as a large track-mounted backhoe,
should be suitable for pipeline excavation. Isolated areas may
require blasting to aid in excavating large boulders or bedrock.

Sloped excavations and/or temporary shoring will be necessary for
safe excavation. Proper dewatering will aid in the safety of
excavations. Applicable governmental regulations, such as OSHA
regulations, may dictate the sloping and/or temporary shoring
requirements.



Pipe Zone Material and Backfill

Large amounts of foundation stabilization material should not be
necessary for installation of the pipe. Additional deep explora-
tion is necessary.to verify this, however.

Pipe zone material (from approximately 6 inches below the pipe to
approximately 6 inches above the pipe) should conform to Class C
bedding as specified in the Standard Specifications for the Munici-
pality of Anchorage. In addition to the requirements in the
Standard Specifications, pipe zone material should be reasonably
well graded from coarse to fine, should have a minimum sand
equivalent of 30 and a maximum liquid limit of 25, and should be
rounded, not angular. Rounded particles will aid in compaction
below the spring line and reduce pipe corrosion at individual
contact points with the soil. Limited quantities of suitable pipe
zone material were encountered during the subsurface exploration.
If excavated material is to be used for pipe zone material, it
should be processed, especially to remove oversize particles.

Pipe zone material should be placed in horizontal lifts less than
8 inches in loose thickness and compacted to at least 90 percent
relative compaction. Relative compaction is defined as the ratio,
in percent, of the as-compacted dry density to the maximum dry
density as determined by ASTM D 1557. Special attention should
be given to placement of pipe zone material below the spring line
to help ensure uniform pipe support and to prevent pipe damage
and displacement. Care should be taken when depositing and
compacting backfill above the pipe zone to avoid damaging or
displacing the pipe.

Backfill above the pipe zone should consist of excavated material
that is reasonably well graded from coarse to fine, contains
sufficient fines to aid in compaction, and is free from organic and
deleterious material. Material suitable for backfill above the pipe
zone was encountered in many of the test pits. Some material
processing should be anticipated to remove oversize particles.

Backfill above the pipe zone should be divided into two classes
depending on the allowable settlement (settlement refers to settle-
ment above the pipe zone only).

Where settlement should be kept to a minimum (road crossings,
for example), compaction requirements should be specified for
maximum particle size, maximum loose lift thickness, and minimum
relative compaction. All these requirements should be verified
through field inspection and testing during construction,

Where settlement is not important, consideration should be given
to developing a method of specification for placement and compac-
tion of backfill. The areas where settlement is not important
should be crowned to account for future settlement, and when
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these areas are delineated, plans for the area should be studied
so that possible future construction over the pipeline (a future
roadway for example) is taken into account.

For both pipe zone material and backfill above the pipe zone,
compaction moisture content should be as close as practical to
optimum to aid compaction, Also, compaction should be accom-
plished by mechanical means; flooding and jetting should not be
allowed.

Ship Creek Crossing

It appears that the only feasible method of constructing the
crossing is under water (versus jacking or dewatering). The top
of the pipe zone should be 1 to 2 feet below the depth of scour
to resist uplift and exposure of the pipe. Additional study is
necessary to determine the depth of scour.

Partial lowering of the groundwater table during construction of
the crossing should not be allowed because this would tend to
loosen or uplift the foundation material. Also to resist uplift, the
pipe should be concrete encased with a suitable tremie concrete.
It is recommended that reinforcement be provided perpendicular to
the axis of the pipe and that riprap and riprap bedding be placed
along the streambanks at the crossing to minimize erosion of
backfill.

Thrust Blocks

The allowable soil-bearing pressure is dependent upon many
factors that must be addressed during final design. For prelimi-
nary sizing of thrust blocks, the allowable bearing pressure has
been calculated using the following assumptions:

o Ground surface is horizontal

] Moist soil unit weight

125 pcf

) Saturated unit weight = 135 pcf

0 Effective soil friction angle = 35 degrees
o Effective soil cohesion = 0
o} Cover = 4 feet (ground surface to top of block)

) Height of block = 6 feet

0 Design groundwater table = 6 feet
o Steady-state pipeline flow conditions (no surge or cyclic
loads)
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0 Factor of safety = 1.25

o Thrust block poured neat against an undisturbed ver-
tical soil face

The Rankine passive earth pressure theory was used to calculate
the ultimate passive pressure; the resulting allowable bearing
pressure is shown on Figure 6-2, Allowable passive pressures
are used for preliminary design only and should not be used for
final design.

The ground surface configuration influences the amount of soil
within the passive zone. Thrust blocks on sloping hillsides where
the pipeline thrust is directed out from the slope face deserve
special consideration. These blocks should be placed well into
the slope, a minimum of 3 feet, so that a full passive zone is
mobilized or the allowable passive pressure should account for the
reduced passive zone. In addition, the pipeline thrust should act
between the midpoint and the lower-third-point of the thrust
block (see Figure 6-2). This will aid in making the thrust force
and soil resistance colinear.

Some thrust blocks cannot be poured neat against undisturbed
vertical soil-bearing surfaces. In such cases, it is anticipated
that the thrust block will be poured neat on a sloping soil face,
or the thrust block will be formed and subsequently backfilled
against. Selection of allowable bearing pressures should account
for these and other probable methods of construction.

Frost Susceptibility and Frost Penetration

With a minimum cover of 7 feet over the pipe, frost effects should
be minimal on the pipe itself and no special design considerations
are necessary. Specifically, no significant lateral or heave loads
are anticipated for the pipe.

Appurtenant structures such as blowoffs, access manholes, or air
valves will require special consideration during final design.
From a geotechnical standpoint, backfill around and under-
neath these appurtenant structures should consist of nonfrost-
susceptible material.

In addition, road crossings and other areas where surface heave
cannot be tolerated will require special consideration during final
design, Nonfrost-susceptible backfill will be necessary in these
locations, also.

Further exploration and laboratory testing are necessary to define
the location and amount of nonfrost-susceptible material along the
alignment. Refer to Chapter 10 for recommendations for explora-
tion during final design,
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Bl Chapter 7
BB SUMMARY OF PRELIMINARY DESICN AND SPECIFICATIONS

During the preliminary design process, the selected Alternative 1
pipeline alignment was reviewed by the Municipality of Anchorage,
Eklutna, Inc., the U.S. Army, and the Alaska State Department
of Transportation. Based on this review process, as well as
additional engineering data, the alignment was modified in some
reaches of the pipeline.

This chapter summarizes the preliminary pipeline design and
discusses the modifications to the selected Alternative 1 alignment.
It also contains special conditions and general survey information
that are associated with the preliminary design and a summary of
the preliminary technical specifications.

Final preparation of plans and specifications associated with final
design will cover the legal conditions, permit and rights-of-way
stipulations, electrical requirements, telemetry and controls,
subsurface soil information, funding agency requirements, and
modifications of the draft specifications.

PRELIMINARY PLANS

General Alignment

Figure 7-1 depicts the selected Alternative 1 general alignment
with modifications. The pipeline begins just east-northeast of the
existing Municipal Water Treatment Plant. From that point, it
continues north to the right-of-way of the Glenn Highway. At
that point, it turns northeast and parallels the Glenn Highway to
a point about 1,200 feet east of Arctic Valley Road. The pipeline
then leaves the Glenn Highway right-of-way and is routed to the
east approximately 600 feet, where it turns back to the northeast
and parallels the Eklutna powerline right-of-way. Once the
pipeline route passes the road into the main gate to Fort Richard-
son, it continues along a parallel route with the frontage road,
the Eklutna powerline, and the Glenn Highway in a northeasterly
direction to the Department of Transportation Weigh Station on
the Glenn Highway. Approximately 1,200 feet to the northeast of
the weigh station, the pipeline route leaves the Glenn Highway
and follows an access road to Hiland Drive, crosses Hiland Drive,
and then follows a jeep trail down to Eagle River. The end of
the pipeline is in the immediate vicinity of Eagle River where the
proposed pump station would be built,

Specific Alignment Comments

The preliminary plans, which appear in a reduced-size version in
Exhibit E, show the pipeline alignment and its appurtenances in

7-1



TR M
4 i 6«
- : ) e ;\43
1 ] R~ i
. | - ‘
B e T e e L
: =
!
] o
12 ©, »
17,
| g2d
R,
. 74
P
Loy N3
' .
i,
)Y
i
o 18
P
[
P

. 33

Gravel < )

W\ e
.. N i

H

: 8 §s
EXISTING MU
WATER TREATME

— TR

SCALE: 1"= 1 MILE

Figure 7-1
Modified Alternative 1

-2 Alignment




detail. All the stations referred to in this chapter can be found
in the preliminary plans.

The stationing for the Eagle River water transmission pipeline
begins at a point (Station 180+80) near the Municipal Water
Treatment Plant. Details showing the pipeline connection to the
treatment plant are not included because of the uncertainty asso-
ciated with the future plant expansion.

At Station 192+40, a special fitting provides for a change in the
direction of the pipeline to parallel the Glenn Highway. Along
the Glenn Highway axis of the fitting, a blind flange has been
incorporated to allow for future connection of a continuing pipe-
line that would parallel the Glenn Highway and proceed toward
Anchorage. Also at this special fitting, the pipeline size is
increased from a nominal diameter of 30 inches to 48 inches. The
balance of the pipeline from the special fitting to Station 600+00 is
a 48-inch nominal diameter.

At approximately Station 193+00, the pipeline crosses an 8-inch
military multiproducts pipeline and at Station 193+20, crosses a
12-inch existing gas line. These utilities, as with other utilities
along the pipeline route, will need to be further identified and
located during the final design stage of the project. Crossing
over or under natural gas lines will require that the water main
be protected from freezing.

Between the special fitting and beyond Ship Creek to Arctic
Valley Road, the pipeline is shown in a location which parallels
the Glenn Highway controlled access and right-of-way boundary
line. It is located 10 feet outside of the boundary to minimize the
degree of clearing necessary for the construction of the pipeline.

Between Station 230410 and Station 231+60, the pipeline crosses
Ship Creek. On each side of the creek crossing, pipe cutoff
walls should be installed to prevent water seeping along the
pipeline from Ship Creek. For the crossing itself, reinforced
concrete should cover the top one-half of the pipe to offset any
buoyancy forces. The lower half of the pipeline will be located
on satisfactory pipe bedding material. These measures are neces-
sary to protect the pipeline from channe! erosion. Also, the
stream banks should be riprapped to avoid erosion of the trench
backfill material. These special measures will need to be taken
during final design and construction. Refer to the additional
discussion presented in Chapter 9, Permit Acquisition Process.

Approximately at Station 241+50, the pipeline crosses Arctic Valley
Road. Open-cut methods will be used to cross the road.

Beyond Arctic Valley Road, the pipeline continues to parallel
the Glenn Highway right-of-way until it reaches approximately



Station 253+70. The pipeline then heads east to approximately
Station 258+38., As the pipeline leaves the Glenn Highway, it
proceeds up a steep hill toward the Eklutna powerline. It will
probably be necessary, following construction, to revegetate or
provide slope protection for this portion of the alignment. The
pipeline alignment then turns toward the north and parallels the
Eklutna powerline right-of-way to approximately Station 315+10.
Along the Eklutna right-of-way, the pipeline is initially on the
west side of the right-of-way and then crosses to the eastern
side of the right-of-way to achieve better access and fit the

topography.

Between Arctic Valley Road and the main gate to Fort Richardson,
the pipeline alignment originally followed the Frontage Road.
Preliminary plans were developed and reviewed by Fort Richard-
son personnel and, at their request, the alignment was modified
to follow the Eklutna powerline right-of-way instead. For this
reason, new plan and profile sheets were prepared using existing
aerial photography. Because the targeting for horizontal control
of the photography was based on the Frontage Road alignment,
the horizontal scale for portions of Preliminary Plan Sheets 6
through 8 is approximate.

Approximately at Station 313+00, the pipeline crosses the Frontage
Road, which connects to the main entrance to Fort Richardson.
Since the pipeline is located outside the controlled access and
right-of-way area, an open-cut trench across the road is planned.
This is significantly cheaper than boring and jacking the pipeline
under the road,

Between Station 315+00 and the Alaska Department of Transpor-
tation Weigh Station located approximately at Station #75+00, the
pipeline alignment parallels the Frontage Road or the Ekiutna
powerline right-of-way where necessary. Review of the possible
alignment by the Fort Richardson personnel showed a preference
for locating the pipeline on the Glenn Highway side of the Front-
age Road. This alignment was preferred because the clearing of
trees for the pipeline between the frontage road and Glenn High-
way would increase traffic sight distance, thus reducing automo-
bile collisions with moose,

Between the main gate entrance to Fort Richardson and the
Department of Transportation Weigh Station, the pipeline occasion-
ally encroaches on the controlled access right-of-way for the
Glenn Highway. This encroachment is minimized to the extent
possible, except where the Frontage Road or Eklutna powerline
forces the alignment up to 30 feet into the controlled access area.
Because of a need to locate on the Glenn Highway side of the
Frontage Road, these encroachments should be acceptable to the
Federal Highway Commission., (Refer to Chapter 9, Permit Acqui-
sition Process.) Also, the encroachment is necessary to keep the



pipeline outside of the Eklutna powerline right-of-way to increase
workers! safety during pipeline construction.

Approximately at Station 489+00, the pipeline alignment leaves the
Glenn Highway and parallels an access road in a northeasterly
course toward Eagle River.

At Station 511430, the pipeline crosses the high point of the
system, At this point, the pipeline is open to the atmosphere in
an air and access vault, The high point of this system was left
open to the atmosphere to avoid the need for an air and vacuum
valve. Also, the preliminary design of the pipeline does allow
gravity pressure flow between the high point of the system and
the water treatment plant.

From Station 511+30, the pipeline parallels the access road/jeep
trail to Eagle River in a northeasterly direction. Cleared areas
are crossed whenever possible to avoid additional clearing of trees
during construction of the pipeline.

At Station 534400, the pipeline crosses Hiland Drive in, what is
expected to be, an open-cut trench,

Approximately between Station 543+00 and Station 552400, the
pipeline will parallel the old Eagle River dump. The alignment
has been shifted to allow the pipeline to pass to the southeast of
the old dump to avoid possible contamination.

At Station 600+00, the pipeline ends in the vicinity of Eagle
River. As with the water treatment plant end of the pipeline, no
connection details were shown because of the uncertainty associ-
ated with the location of the proposed pump station.

SPECIAL CONDITIONS

Old Eagle River Dump

Between Stations 543+00 and 552+00, the pipeline is located adja-
cent to the old Eagle River dump, The soil at the site is mildly
corrosive. The old dump is potentially a source of contaminants
to a potable water system. In this area, the pipeline will be
located a minimum of 100 feet uphill from the edge of the site.
To verify the outer limits of the site during final design, borings
should be made and cased. Piezometers should be installed to
monitor the quality and movement of the groundwater.

Future Connections

At this stage in design, the point of supply and the location of
treatment have not been determined. Presently, it is assumed
that the supply will come from Eagle River and the treatment



plant will be in the area of the diversion. Following this assump-
tion, treated water will be pumped north to the Eagle River-
Chugiak-Eklutna area and south through the proposed pipeline to
the existing Municipal Water Treatment Plant. No future connec-
tions are anticipated between Eagle River and the Municipal Water
Treatment Plant.

During the design of the pump station, the advantages of con-
structing a regulating reservoir in the vicinity of Station 510+00
should be investigated. This regulating reservoir may serve to
average the minimum and maximum daily flows and thus minimize
the size of the pump station and complexity of pump selection and
controls.

Eagle River Access Road

Assuming water will be diverted, treated, and pumped from Eagle
River, consideration should be given during final design to con-
struction of the pipeline within the roadway prism of the access
road from Hiland Drive to Eagle River. This would minimize the
amount of project clearing, provide better accessibility to the
pipeline, and reduce overall project costs.

SURVEY INFORMATION

Aerial photography and preparation of the general plan sheets
and the photoplan/profile sheets were completed by Air Photo
Tech, Inc. Hewitt V. Lounsbury and Associates performed much -
of the surveying work for this task.

Aerial Photography

Aerial photography for the 1"=400't general plan sheets was taken
August 4, 1980. A set of the contact prints was provided to the
Municipality of Anchorage with the preliminary plans., The gen-
eral plans are only approximate in scale because the horizontal
control was developed from existing USGS quad sheets and other
available mapping. These plans were developed solely for the
purpose of identifying alternative routes.

The 1"=100' preliminary photoplan/profile sheets were developed
from aerial photography of the selected alignment, dated Octo-
ber 25, 1980, This work was scheduled for early October, immed-
iately following leaf drop, but, due to adverse weather, was
delayed to late October. This delay reduced the overall quality
of the photo image, particularly in the Eagle River area where the
hillside area is shaded due to the low sun angle.

Horizontal Control

Photo control points were established using monuments along the
selected route at intervals of approximately 1,300 feet. The
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monuments were traversed by a second-order survey, adjusted
and fixed to the United States Coast and Geodetic Survey
(USCg&CGS) datum.

The monuments consist of rebar or rebar with an aluminum cap
driven in the ground. Shouid the Municipality of Anchorage or
the U.S. Army anticipate that this monumentation will be beneficial
for future work, we recommend that the rebar be replaced with
standard brass or aluminum tablats set in concrete. The tablets
may require witness posts and should be stamped with an appro-
priate identification number.

Vertical Control

Elevations of the photo control points used in profiling the selected
route are based on USGS datum.

PRELIMINARY TECHNICAL SPECIFICATIONS

Draft technical specifications have been prepared for the Eagle
River transmission main and are included in Exhibit F, The
specifications follow the format used by the Municipality of Anch-
orage. Special provisions are prepared to modify the Municipal-
ity's Standard Specifications, dated June 1980.

These draft technical specifications are based on the preliminary
plans and will be modified and expanded following final design.
Divisions of the Standard Specifications, which are referred to or
modified in the preliminary technical specifications, are as follows:

1. Division 10 - Ceneral Provisions
2. Division 20 - Earthwork

3. Division 30 - Concrete

4,  Division 60 - Water Systems

5. Division 70 - Miscellaneous Items
6. Division 80 - Standard Details
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BB Chapter 8
BB PRELIMINARY COST ESTIMATE

The purpose of this preliminary cost estimate is to present a
range of probable costs for the construction of a #48-inch~diameter
pipeline from a site at Eagle River to the existing Municipal Water
Treatment Plant near the Glenn Highway and Muldoon Road.

COST ESTIMATE

The cost estimate is presented in Table 8-1 and is based on
November 1981 dollars. No attempt is made to predict a construc-
tion schedule or cost of construction.

Costs outlined in the body of the estimate are the only ones
considered. Operations, maintenance, and permit costs are not
included. Mobilization and demobilization are shown as a separate
cost item instead of being incorporated into unit costs. Bonds
and insurance costs (truck and auto, liability, builder's risk,
performance, and payment bond) are also shown as a separate
cost and amount to 2.5 percent of construction. The legal,
administrative, and engineering costs are estimated to be 20 per-
cent of the construction costs. Depending on the amount of
geotechnical work required and the difficulty in obtaining permits,
this cost normally will range from 15 to 20 percent. The project
contingency allowance was estimated to be 30 percent. Under the
assumption that water will be obtained from the Eagle River, this
allowance may vary from 20 to 30 percent.

BASES FOR COST ESTIMATES

The following information sources and assumptions were used in
the preparation of the preliminary cost estimate:

0 Material price quotes on major items were obtained from
vendors, and freight and profit allowances were added
by CH2M HILL staff.

o Machinery rates were based on current rental rates plus
fuel, oil, and lubricant allowance, plus the cost of the
appropriate operator.

0 Labor rates were based on raw rates as published by
the Alaska Chapter of the Associated General Contrac-
tors of America plus 55 percent of raw costs for contrac-
tor's general conditions. Included in this category are
Social Security contribution, workman's compensation
insurance, timekeeping functions, general superintendent
and vehiclie, other personnel not included in crew
rates, and miscellaneous nonqualified expenses. On top



Table 8-1

EAGLE RIVER WATER SUPPLY TRANSMISSION MAIN
PRELIMINARY COST ESTIMATE

Component

Mobilization and
Demobilization

Clearing and Grubbing
48-Inch Pipe Installed
30-Inch Pipe Installed

Trench Stabilization
Material

Air-Vacuum Valve
Assemblies

Type 1 Blowoff Valve
Assembly

Type 2 Blowoff Valve
Assembly

36-Inch lIsolation Valve
and Thrust Restraint

Valve & Fitting Station
192440

Air and Access Vault
Station 511430

Ship Creek Crossing
Access Manholes
Telemetry & Controls

Compacted Embankment

18-Inch CMP Cross Drains

Pipe Location Monuments

Note:

Subtotal

Subtotal

All costs are in November 1981 dollars.

Quantity Unit Price ($) Total ($)

Lump sum 706,000 706,000
Lump sum 327,000 327,000
40,700 lin ft 260 10,582,000
1,160 lin ft 175 203,000
1,800 tons 18 25,200

8 ea 10,000 80,000

4 ea 2,900 11,600

3 ea 3,800 11,400

7 ea 33,000 231, 000
Lump sum 20,000 20,000
Lump sum 20,000 20,000

150 lin ft 400 60,000

11 ea 12,000 132,000
Lump sum 50,000 50,000
1,200 cu yd 6.55 7,860

38 lin ft 50.00 1,900

89 ea 150.00 13,350
12,482,310

Bonds & Insurance (2.5%) 312,000
Legal, Admin, Engineering (20%) 2,559,000
15,353,000

Contingency (30%) 4,606,000
PROJECT TOTAL 19,959,000



of the labor-plus-55-percent figure, an additional 15 per-
cent was allowed for contractor overhead and profit. It

was assumed that the work will be conducted in six

10~hour shifts per week, amounting to 20 hours of

overtime. This additional cost is included in the devel-

oped hourly rates.

Production rates were obtained from various published
sources such as the Richardson Rapid Cost Estimating
System (Richardson Engineering Services, Inc., 1981)
and vendor literature.

Costs reflect a contractor profit for each item -and do
not include allowances for high initial costs at the
beginning of a particular job. Contractor bids will
sometimes be structured in this way to stimulate an
early high cash flow for the contractor. For example,
a higher-than-usual figure was not used for clearing
and grubbing, and an unusually low figure was used
for trench backfill or asphalt pavement replacement.

Backfill for nontrafficked areas will be compacted to
80 percent.

No blasting is anticipated.

Dewatering of the area is not expected.

A temporary diversion of Ship Creek will be required.
Minimum depth of cover on top of pipe will be 7 feet,

For the purpose of this estimate, the pipe was assumed
to be cement-mortar-lined, Class 52 ductile iron with
push-on joints and mechanical joint fittings.

The pipe will be flushed, tested, and disinfected by
section. No special provisions will be required for
chlorinated water disposal.

Pavement replacement costs are based on the section
shown in Detail 114 of the Municipality of Anchorage
Standard Specifications, dated June 1980. These costs
are included in the in-place costs of the #48-inch-
diameter pipe.

Clearing and grubbing costs include an allowance for
constructing temporary, nonspecification roads. Clear-
ing width was assumed to be 75 feet.

Monuments for pipeline locations were considered to be
not more than 500 feet apart.
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o} This estimate does not include a treatment plant or
pumping station. It also does not include costs for
connection to those facilities.

Indirect Costs

Indirect costs are included in the 55 percent markup on labor and
are set forth here. They could be carried in a separate overhead
account, but quantification would be burdensome and would not
increase the accuracy of the estimate.

Jobsite Overhead

Jobsite overhead includes trucks and autos not with crews
(general superintendent, expediter); personnel not on crews
(project manager, manager, superintendent, safety engineer,
timekeepers, clerical assistants); temporary facilities (contractor's
office and attendant expenses, temporary toilets, signs and
barricades, tool sheds and storage facilities); supplies and
expendables (stationery, copy machine, postage, drinking water,
first aid equipment, hand tools, fuel, oil, and lubricants for
vehicles and equipment); temporary protection and OSHA require-
ments (fencing, protection against vandalism and theft, and dust
control); telephone and radios; survey; progress reports and
scheduling (CPM or scheduling engineer, progress reports, certi-
fied payrolls); testing (concrete, hydrostatic testing); and job
cleanup.

Home Office Overhead

Home office overhead includes office staff salaries, physical plant,
sales promotion and education, yard expenses, loss of interest on
retainage, and interest.

The indirect costs shown here are basically complete (Richardson
Engineering Services, Inc., 1981). Other items could be added,
but insignificant gains in accuracy would be realized. These
items are covered in contingencies,

Rights-of-Way Cost

The alignment of the pipeline would generally follow Glenn High-
way and cross land owned by the United States Army, the State
of Alaska, and Eklutna, Inc. Rights-of-way acquisition is based
on the following assumptions:

) No charge will be levied for granting easements across
State of Alaska or U.S. Army parcels.

0 Right-of-way across Eklutna, Inc., property would be
covered in acquisition costs for a dam and reservoir if
a significant supply of groundwater is not found during
the performance of Task 1, Well Drilling Program,
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Bl Chapter 9
HB PERMIT ACQUISITION PROCESS

Various local, state, and Federal agencies will require that they
be notifed and that permits be acquired before the start of con-
struction of the water transmission pipeline. Described below are
those agencies that must be contacted and the information they
require. The U.S. Bureau of Land Management and the Depart-
ment of Environmental Conservation are the agencies from which
most of the permits are required,

UNITED STATES BUREAU OF LAND MANAGEMENT

A rights-of-way grant to cross Federal lands must be acquired
from the Bureau of Land Management (BLM). To apply for a
grant, an application letter must be addressed to the State Office
of the Bureau of Land Management. This letter must contain a
detailed description of the planned project, including all technical
information and a construction schedule. [In addition, it must
include three complete sets of drawings (original reproducibles of
certain drawings may be required). The application letter also
must provide general information relating to the applicants' civil
rights assurances, disclosure of plans, and other related items.
This general information may be substituted by a reference to
another municipal grant application (for example, the Municipality
of Anchorage's 36-inch water transmission pipeline). BLM may
require some reimbursement for this grant if their costs of moni-
toring construction work exceed $5,000.

Approval of a rights-of-way grant will be subject to comments
from the military and the various utility companies whose ease-
ments are crossed on Federal land. Letters of nonobjection will
be required from each utility company involved. The Corps of
Engineers and the Fort Richardson Facilities Engineers will need
to approve the rights-of-way locations within military land before
the BLM can approve the grant. These groups should be con-
tacted as early as possible to speed the grant approval process.
The Fort Richardson Facility Engineers contact should be made
through the Director of Facilities Engineering, AFTZ-FE of
HQ 172nd Infantry Brigade at Fort Richardson.

The BLM will also require detailed information about the Ship
Creek crossing before rights-of-way can be approved. A detailed
environmental analysis by either the Municipality or the BLM will
be needed to satisfy this requirement,

It will take the BLM approximately 3.5 months to process the
rights-of-way grant application once the application Iletter s
delivered. More time might be required if there are objections
from the mijlitary or the utility companies. The Ship Creek cross-
ing could also increase the process time if an environmental
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impact statment or public hearings are required. The time
required could be minimized by making early contact with all
involved groups.

Preliminary investigations, including surveying, geotechnical, and
archeological work, may proceed during the rights-of-way grant
application process if a temporary use permit is obtained from
the BLM. This permit takes approximately 1 week to process.
A copy of this permit application, which must be completed in
duplicate, is shown in Exhibit E.

CHUGACH ELECTRIC ASSOCIATION

To obtain permission to cross or occupy the Chugach Electric
Association's easements, a letter describing the proposed crossing
must be written to its general manager., This letter must contain
drawings and other information related to the rights-of-way
infringement. On the basis of this information and, if there are
no significant problems, Chugach Electric Association will issue a
letter of nonobjection to the BLM. Normally, easement crossings
are not disapproved; however, occupation of a substantial length
of its rights-of-way might not be acceptable.

ALASKA GAS AND SERVICE COMPANY

The Alaska Gas and Service Company must submit to the BLM a
letter of nonobjection for all crossings of Alaska Gas and Service
Company easements. To prepare this letter, they require detailed
information about the crossings, including drawings and plans
showing exactly how the gas line will be crossed and safeguarded.
The gas company will not normally object to crossings if its lines
are safeguarded, and they will recommend alternatives if they
disapprove of the crossings. All information submitted by the
Municipality should be directed to the chief engineer.

ANCHORAGE MUNICIPAL LIGHT AND POWER

Anchorage Municipal Light and Power (MLE&P) normally grants
permission for crossings of its easements as long as no power
poles need to be relocated. To obtain permission, a letter and
completed set of final drawings should be submitted to its chief
engineer. MLE&P will review the crossings and make any comments
it deems necessary as soon as possible,

BUREAU OF INDIAN AFFAIRS

A rights-of-way authorization or land use permit may be required
from the Bureau of Indian Affairs (BlA) wherever Indian land is
crossed. The BlA asks that the owners of the Indian land,
Eklutna, Inc., be contacted directly with permit application infor-
-mation. Requirements for obtaining rights-of-way permits include
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a preliminary survey (with BIA permission), landowners' written
consent, accurate mapping, an agreement to stipulations for
construction and maintenance of the rights-of-way, and a deposit
for payment of the rights-of-way cost and severance damages, if
necessary.

ALASKA DEPARTMENT OF ENVIRONMENTAL CONSERVATION

To determine which state permits are required for a proposed
project, a master application process has been enacted through
the Department of Environmental Conservation (DEC) Permit
Center. Details of this process and a sample application form can
be found in Exhibit D, under "“General Information,"” "“Laws of
Alaska," and "Master Application."

The master application process identifies all state permits that are
required for a project. To identify the specific state permits
required, the DEC Permit Center recommends that a master appli~
cation form be submitted as early as possible. The individual
state permit applications need not be completed at the same time
as the master application submittal, However, they must be
completed and returned to the permit center within 30 days or a
new master application will be required. Under the terms of the
master application process, the permit applications must be proc~
essed by the permit center within 6 months from the date of the
master application submittal.

In conjunction with filing a master application form, it is impor-
tant that the individual permit applications be filed directly with
the permit center. Direct application to the individual state
agencies would probably delay the permit approval process.

The following paragraphs present permit application information
from several of the state departments that will be involved in the
permit procedure for the water transmission pipeline.

ALASKA DEPARTMENT OF TRANSPORTATION

The DEC master application process will ensure that the Alaska
Department of Transportation (DOT) is contacted regarding permit
requirements. The DOT will then request that a utility permit on
highway rights-of-way be obtained for the Glenn Highway rights-
of-way encroachment and for the Hiland Drive Crossing. A copy
of this permit application form is included in Exhibit D, Along
with the permit applications, a project description, drawings, and
records of all correspondence already made with the DOT should
be submitted.

According to the DOT, whenever limited access rights-of-way are
encroached wupon, detailed information discussing alternative
routes that were considered must be submitted. Strong justifica-
tion for locating the utility within the highway rights-of-way must
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be shown. Justification could be: (1) that there is no other
choice for the location, (2) that other alternatives are of consider-
ably higher expense, or (3) as in this case, that the U.S. Army
states in writing that this location is the only acceptable one.

ALASKA DEPARTMENT OF FISH AND GAME

The Department of Fish and Game will be contacted through the
DEC master permit application process. This department will
request that a Habitat Protection Permit be obtained for the Ship
Creek crossing. To obtain this permit, detailed information
concerning the construction dates, the method of crossing, and
type of construction equipment will be needed. This information
must be returned to the Department of Fish and Game through
the DEC process. Ordinarily, the Department of Fish and Game
will allow in-water work in Ship Creek only between May 15 and

July 15,



BB Chapter 10
Bl RECOMMENDATIONS FOR FINAL DESIGN WORK

The purpose of the preliminary design report, the preliminary
plans, and the technical specifications is to establish design
criteria and to resolve major questions pertaining to design con-
cepts. This effort represents approximately 30 to 40 percent of
the design work required for preparation of construction contract
documents. The remaining 60 to 70 percent of the design would
be accomplished during the final design phase.

FINAL DESIGN

Items of work that will be required during final K design are:

o Geotechnical investigation

o Corrosion investigation

o] Surveys and rights-of-way acquisition
0 Utilities concerns

o Hydraulics analysis

o Engineering cost estimate

o] Permit acquisition

Geotechnical Investigation

The following recommendations for future exploration are based on
the need for additional information that was identified during
preliminary design. These recommendations cannot, however, be
considered complete because the final design will identify additional
and more detailed geotechnical considerations.

Seismicity

Additional analysis is necessary to establish the design earth-
quake(s). This analysis should involve statistical analysis of
historic earthquake records. [If significant time elapses between
preliminary and final design, the historic records provided in
Exhibit B may need updating.

Upon selection of the design earthquake(s}, the following concerns
need to be addressed:

0 Response of the buried pipeline to shaking, inciuding

special attention to the pipeline's interaction with appur-
tenant structures
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o Liquefaction
0 Seismic-induced slope instability
0 Seismic-induced settlement

The Knik Fault Zone crossing should be studied further to eval-
uate its potential for activity and the direction and magnitude of
relative ground displacement (if any) at the depth of pipe burial.
This will require an evaluation of the relative displacement of the
bedrock and the depth of unconsolidated deposits overlying the
bedrock.

Subsurface Exploration and Laboratory Tests

Borings and large-scale test pits are necessary to describe more
accurately the subsurface conditions, especially the pipeline
foundation conditions. Appropriate laboratory tests are necessary
to characterize the subsurface materials, to aid in the selection of
design soil parameters, and to identify the frost susceptibility of
these materials. Special attention should be given to subsurface
conditions at thrust block locations and at the Ship Creek
crossing.

Design groundwater levels need to be established at thrust block
locations. Also, the groundwater regime in the vicinity of the old
dump should be studied. Special attention should be directed
toward ensuring that pipeline backfill will not act as a "conduit"
for leachate movement. Consideration should be given to the use
of cutoff collars to minimize leachate movement.

It is recommended that groundwater information available for other
locations along the pipeline be studied and that additional infor-
mation be gathered to aid in defining the need for, and in design-
ing, construction dewatering systems.

Excavated materials (borrow materials) should be processed or
materials should be imported for use over much of the pipeline,
especially for pipe zone material. Identification of potential
borrow sources and evaluation of the economics of imported mater-
ial will influence the selection of appropriate backfill materials and
the subsequent material specification.

Corrosion Investigation

During final design, alignment changes should be reviewed to
verify that the soils along the revised route are not substantially
more corrosive than those of the preliminary route studied. The
review should also include the location of nearby natural gas
pipelines and associated cathodic protection systems to ensure
that the Eagle River pipeline is not affected by interference from
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newly constructed gas company facilities. This review would be
accomplished by field work (testing and sampling) and by contac-
ting the Alaska Gas and Service Company.

Updated water quality data from Eagle River should be reviewed
if cement mortar is considered for lining metallic pipe. The
purpose of the review will be to verify that the water contains
sufficient hardness and alkalinity during the year to avoid exces-
‘sive leaching of the cement from the cement mortar.

Survey and Rights-of-Way

The field surveys were performed during the preliminary design
phase to provide horizontal control for the aerial photography
necessary for the preparation of plan and profile sheets. This
control may serve as ground control for subsequent surveys
required during final design.

A rights-of-way survey will be necessary during final design to
determine the location of the centerline of the pipeline in relation-
ship to existing property lines and rights-of-way boundaries.
The final pipeline alignment will then be field tied to the rights-
of-way survey so that the easements may be prepared.

The final pipeline centerline alignment should be monumented and
reprofiled so that the profile reflects the exact location of the
pipeline. During this task, it may be advantageous to monument
all angle points and the beginning and ending of horizontal curves
for use during construction staking.

Rights-of-way work required during construction should include
the preparation of legal descriptions of easements, rights-of-way
plats, and formal permit applications. Easement descriptions will
be needed for both permanent and temporary (construction)
easements. Rights-of-way plats would include the data necessary
for the appraiser to evaluate the subject easement. These data
would include:

0 Parcel number

o Existing easement

o Size and shape of the parcel for appraisal

o Size and shape of the easement

o Physical monuments or other pertinent features

o] Title identity
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Utilities Concerns

Prior to construction of the pipeline, the following types of utili-
ties problems will require solutions by the contractor:

o Protecting existing utility poles and towers from over-
turning

o Protecting workmen from high voltage lines and gas
mains :

0 Maintaining the operation of existing utilities

Hydraulics Analysis

Many variables are still unknown that can affect the hydraulics of
the system. These unknowns include the method and location of
facilities for pumping water from the source,. as well as the treat-
ment, storage, and distribution of the water.

Once the source of supply, the location of the treatment and
storage facilities, and the requirements for connecting to the
Municipality's distribution system are known, a total system
hydraulic analysis will be required. Although it is not anticipated
that the pipe diameter will change, the class of pipe and the size
of air valves could vary from those specified in the preliminary
design once the surge analysis is completed. For this reason,
the class of pipe and size of air valves are not shown on the
attached preliminary plans.

Engineering Cost Estimate

At the beginning and conclusion of the final design, the engineer-
ing cost estimate should be updated to reflect current costs and
design. At this time, the administrative, legal, and engineering
allowance and the contingency allowance should be reviewed in
detail, Rights-of-way and permit acquisition costs should be
included in the final project estimate.

Permits

Requests for encroachment permits have been initiated during the
preliminary design phase. The preliminary alignment has been
reviewed by personnel from Fort Richardson and the State Depart-
ment of Transportation, and their comments have been incorpor-
ated into the preliminary plans.

Prior to and during final design, continuing effort will be required
to satisfy each agency's requirements for issuance of encroachment
permits. Chapter 9, Permit Acquisition Process, discusses the
general requirements of each permitter in more detail.
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PREPARATION OF THE FINAL CONTRACT DOCUMENTS

The reduced half-scale preliminary plans shown in Exhibit E were
developed to serve as a basis for final design drawings. Follow=
ing detailed review by the Municipality of Anchorage's staff and
by the permitting agencies, the pipeline alignment and detail
sheets will require modification.

For contract documents, it is recommended that 1"=50' scale
photoplans be used. This scale would be compatible with the
recently completed plans for the 36-inch supply main to its water
treatment plant from the military diversion facility on Ship Creek.,
Fifty-scale drawings are advantageous for depicting, in greater
detail, such items as existing utilities and pavement replacement
and clearing requirements. The photo control established during
preliminary design, supplemented with some intermediate points,
would be sufficient for the preparation of new plans.

Work that would be included in the final preparation of the plans
is:

o] Determination of the class of pipe required for various
reaches of the pipeline

o Determination of the classes of backfill required for
various sections of the route

) Determination and detailed specification of the methods
for protecting the "pipeline appurtenances from freezing

o Determination of thrust block size at each bend

o] Determination of the size of air valves after completion
of the surge analysis

0 Detail cathodic test stations if required

o Preparation of casing details if these are required by
the permitter (presently, open-cut crossings are antici-
pated)

0 Preparation of electrical drawings (including telemetry)

0 Complete erosion control and stream crossing details

o Preparation of sump pump details for draining vaults

o Review of dewatering requirements for the pipeline
route and detailed specifications of dewatering methods
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0 Determination of the depth of existing underground
utilities at proposed crossings

) Preparation of trench details as required by the per-
mitter; preparation of special details where necessary to
meet these requirements

0 Determination of the methods for protecting the pro-
posed pipeline from existing cathodic protection systems

0 Determination of the methods for separating the pro-
posed water transmission main from existing sewers in
accordance with State Health Department standards

o Miscellaneous details

As was previously stated, draft technical specifications were
prepared from the preliminary plans. During final design, these
specifications will be expanded to include the legal specifications,
invitation to bid, bonds, general conditions, and special pro-
visions. They will be modified to reflect the final plans, the
latest Municipality of Anchorage standard specifications, and all
permits and soils information.
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Exhibit B
Earthquake Data
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